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1 h!s period contains Sodium (No), Magnesium fMgi. Aluminum f.-V>. Sl.Von (Si) . '■. sphorus (PI. Sulphur (S), 

Chlorine (Cl) and Argon (Ar) 


(A) ATOMIC PROPERTIES 


M ■ Titi t 


In Period 3 of the Periodic Table, the valence orbtials are 3s and 3p orbitals. They are filled with electrons. The 

short electronic structures are: 


i.Na 

[Ne] 3s 1 I 

i»Mg 

[Ne] 3 s 2 

, 3 ai 

[He] 3s z 3p * 1 

uSI 

(Ne] 3s' 3p„’ 3p , 1 

1 S P 

>*S 

[Ne] 3s 2 3p * 1 3p/ 

[Ne] 3s 2 3p s s 3p’’ 3p’‘ 

17 CI 

(Ne] 3s 2 3p s 2 3p „ 2 3pJ 

i S Ai 

[Ne] 3s 2 3qI 3p,: 3p. v j 


In each case, [Nej represents the complete electronic structure of a neon atom, (Le. 10 electrons) 


QUICK QUIZ-1 



r (l) The electron structure of Mg Is Is 1 , 2s 1 , 2p 6 , 3s 2 . Write dou?n electron sfruciure of Al ft: the same notation. 

1S AI Is*, 2s 2 , 2p*\ 3s 1 , 3p> 


v (2) Which of the two elements Mg or Al has (he more stable structure? 

Ma has more stable structure. It is because it has completely filled 3s-valence orbital (Le. 3s 2 ). On the other hand 



Al has one valence electron in 2p'Orbital which can be easily removed, Hence, Mg has more stable electronic 


structure. This is also indicated by high first ionization energy of Mg than that of AL 



(2) TRENDS IN ATOMIC BAD IQS 


The distance of outermost electron from the nucleus of an atom iHilfe considering H spherical is called 

atomic radius , 

j item* gtid Ions decreases from left to right dong the period » In a given period, the number of 
. h ^|jr,ii the^ dements remains^ gs^ne . However, the value (3f effective nuclear charge increases from left to 


VighTdiie to in crease in nu mber of protons* The increased effective nuclear charge pulls th< cti on cloud of the 

atom Roser to the nucleus! Thus, the size of the atoms and ions goes on decreasing from ’ 

Along period the atomic and ionic radii of s-and p-block elements decrease with the increa; of atomic number. 
This is shown in the table given below, The radii in the table are given in A 
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f3) TRENDS fN ELECTKONEGAT/VI 


E B 

DeJInlHon 

I 

Klticiro/itgotli'lfv is a rm^Tsurr of flu- tmctartcy of art atom to attract a bondhuj pah of electrons. 

Scale of Electronegattctty 

* The Pauling scale is the most commonly used. 

* Fluorine is the most electronegative element, it is assigned a 
value of 4.0. 

* The values range down to caesium and francium which are 
the least electronegative at l) 7. 

nr i 

Na Mg 

TVemf or VhrJatton fn efecJrom'gaftatty ofong period; 

The electroneg ative val ues increases from left to right in a period 1 of s- mid p-b tack elements 

It is due to following reasons, 



(tf In a periQd r lhe atomic size decreases from left to right. Since, 
smaller atoms have greater tendency to attract th ^electrons 
towards themselves t hus, smaller atoms "have higher 


electronegativity values 
In a period^/Wues of 

of the el emen^igg e^nTomTett. to .right! Th us Ath p 
the elements witH hi 
^ electron affinities also 


W ' In a period t / values of ionizati on energ y a nd electron affini 
the elements witli JiigheTl/a]^^ enerofeS) and 


The variation of electronegativity in a period and a group of 
representative elements (s- and p-block elements) is show in the 


v lllm l'. titrilliNK* 


1 \ iE A 


J]- UltH'k I ■ ||- 1 1 U' E4 L 


It) A IV A VA Vi A \SI V 


i m n s i r:v( i 

11 l' I 1 .; 1 1 3 \ c t'U lll 


//////// 


(S 

F.rclm- 

iH lystiu- demerit; 



E lectro neg q f tatty cannot be ass igned to Argon 


It is because electronegativity is the tendency of an atom to attract r, Jt 

not form covalent bonds, electronegativity cannot be assigned to it. of Actons. 


e nrot : 


Another Trend Explanation 


* fr0 , m ' Cft J° » tht Ending electrons', are always i^L samp 

Thus, they are always being shielded by the saSSTfiner electrons level fc period 3, it is 

* However, thfe" number of p mton^ n fh 


Charge, it attracts tfi ^dlna pair' due to increase i. 




TOP 


|5tudy 


Q 

~T. 

El 


The* Ultimate World For StLkfcnts 

CH * 13: s UTM-t p BUnrk Eic:- 


u:r. fj 




j. 

p Chi ) aternt 


ff 


{B) PHYSICAL PROPERTIES 


: r.esi properr-es depend upon the structure of dements. 


mi 


UCTURES OF THE ELEME 


Hicon ls gran 


The structures of the elements changes along the period|]n^^^ the 

• a r . c v\e re ma 'r,;nq ;.e P . > . Cl. A P are simple ntolcc i lies 


I 





- 


t 

* 


fJ) Three metafile structures 

Sodium, magnesium and aluminium ail have metallic structures. 

Ir. sod tun'., only one electron per atom 's involved In the metallic bone Le., the single os electron. In 
magnesium, both of its outer electrons are involved. In aluminium all three valence electrons me involv ed. 

j LlCr °-^ er di-ference is the wav of sacking of atoms m the metal civsrd. 

^ Sodium is 6 ‘Co-ordinated, j n .:.- . each sodium atom ;< touched be only S other atoms. 

^ magnesium and alumirmrn are 1 2 -co-ordinated. However, both are packed in slightly difJeient 

ways. 1 his is a more efficient way to pack atoms Thus, there less space is wasted in the metal structures 
and therefore, stronger bonding is present in the metal. 


(2) A giant covalent structure 

* Silicon has a giant covalent structure just hke diamond as show r. in the figure. 

• The structure is held together by strong covalent bonds in ail three 

dime ns sons. 



(3) Four simple mofecufor structures 

* 1 he structures of phosphorus (i.e. while etc. and sulphur i.e. rhombic or monoclinic etc.’ depends upon 

the alio tropic forms of phosphorus or sulphur. 

* The atoms in each of these molecules are held together by covalent bonds.. 

* In argon, there is no bond. 

* In the liquid or solid state, the molecules are held close to each other by van der Waais dispersion forces. 



a Pi mofeoie 





a Cl; molecule an Ar molecule 


(I > ELECTRICAL CONDUCTWI 


Sodium, magnesium and aluminium are all good conductors of electricity. 

Among these conductivity Increases from left to right (l.e., from sodium to magnesium to aluminium). 

It is because, the number of valence (free) electrons increases. Sodium has one, magnesium has two and 

aluminium has three valence electrons, 

Silicon is a semiconductor. 

The rest elements of period 3 (phosphorus, sulphur, chlorine and argon] do not conduct electricity 


Expl a n ation 


a are 


The three metals (Na, Mg, Al) conduct electricity. It is because the delocalized electrons wkc 
free to move throughout the solid or the liquid metal. 

In the silicon case, the semiconductors conduct electricity depending upon conditions of reinpemt re 
Silicon has diamond like structure* So, it must be an insulator. But it is a semiconductor and its ( ; liw :i \ 
increases with increase in temperature. 

The remaining elements do not conduct electricity because they are simple molecular sub.-v.,-, i< w. They do 
not have free electrons to carry current. 
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£*i>rctee Q3 (ij (d)The meftfng and 1 boiling pints of the ^lemiots rut 
peri od 3 e lements and decrease onicard. Why ? — . — — 


■asc from left to right up to thr mi- ! t j), j; . 


■H * 



(2) IJIENDS IN MELTING AND BOIUNG POl 


EE 


i j , 

■ J fit 


The figure shows the variation of meting and bo:~ng 
points of the elements across the period 3. 

The melting and boiling points are given in Kelvin ratner 
than to avoid negative values. 


3 Pi- 


Sodium, Magnesium and Aluminium 

They possess metallic structures. The melting point and 
boiling points increases from sodium to aluminium. It .s because 
Na provides one valence electron for bonding, Mg provides two 
electrons and aluminium provides three electrons 



(a) l J 

a 

T 

( 


[W v 
{ 


( 

c 


( 

V 


c) ( 


Silicon 


Silicon has high melting and boiling points because it is a giant covulcnt ^tuictuie. It has stiong ii.vUa in ■ ■■ i^-> ^ 

which are difficult to break. 

Since silicon has a different type of bonds so its melting and boiling points should not bo cl meetly cong cm 

that of aluminium. 


The Four Molecular Elements 

* Phosphorus, sulphur, chlorine and argon are simple molecular substances. 


m 


These have only weak van der Waals forces between the molecules. Hence, their melting or boiling points are ^xet 
lower than those of the first four members of the period which have giant structures. 

The sizes of the melting and boiling points depends upon the sizes of the molecules. Generally, the melting and 
boiling points increase with increase in molecular size. 


Sod 





o 


Aqc 


aP<j molecule 


an s«moleciie 


a Cl 2 molecule an Ar molecule 


[no! drawn to scale) 


Phosphorus 

Phosphorus consists of P 4 molecules. To melt phosphorus there is no need to break any covalent bonds Only 
much weaker van der Waals forces between the molecules are broken. Thus, its melting point is low . ' * 


Sulphur 




Chlorine 


Chlorine, CIj, is s much smaller rnol^niltj mnn*,* t- . . 

will have a lower melting and boiling point than sulpLr^pLsphoTr ^ WadS attrac,ions ' Herice > chlorinc 


Argon 


Argon molecules are just single argon atoms, Ar. They have limiw , ^ ^ 

the melting and boiling points of argon are lower again. nd Very weak van ^ er ^aal$ forces. Hence. 
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r Write lA« empirical 
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J _«. t :■£ 

m f t r ‘-! til 51 


rt Desoioe crirli f,— , 


.- w- L Jiui 


* . .n CU ^ 


2A) - 30 
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- prepare z s gmpie 

2A!C 1- 


Ci CHEMICAL REACTIONS OF THE PERIOD 3 


3f aj/3 t 7K 



. • ; 


£ 1 


Q3 ? c : Des-cribe ifte trends ;f? 




I REACTIONS 


j 1 1 ; tLAiipjj 



n - r. 


!um 


"i? r r 


Magnesiur 

hi -i* 

A very Cw'Car. cc- c: ~=- 
fbai :t :c the 

MagrsesiuiB hy&t»cide & 
»Pdr-.£, tc Step tr.e r ttZ~-*Z'T 

Ms * 2 H t 0 -> 

V Z?-~ ■= S 3 e£ 

Mg * H *0 h 


P ar - 


Me OH ; - H: 


MgO - H : 


When A fr«min ium pounder » Hea^d id sleam 

is j yjasfo efo sk** ^ - x 

^CTjo-The otic* 

2A1 + 3H t O -*■ AJ ^° ! ” 3H: 
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- , solution A reversible reaction tases piace ;. 

Chlorine dissolves in wa'er to some extent to ^ 
a mixture of hydrochloric acid and chi or sc 3 acid ■ - ,A 


Cl, + HjO ^ HC1 + HO Cl hydrochloric tc..:. 

in the presence o! sunlight, the chloric . acid itcwiy • '••■ ■■= * 

oxygen gas 

2HOCI -> 2HCI + 0, 


Thus overall reaction will be 


20, +■ 2HO 
2HGCI 


20, + 2H,0 


2HO - 2 HOC I 
2HCI - O . 
4HC1 - O. 


> f w .. - 


■' ;_C 


iTiy/n Oi'i'ifK,! obpi^il t'. j\i : . , r , 


A rgon 


There is no reaction between argon and water 


(2) REACTIONS WITH OXYG 


Sodi um 

m Sodium bums in oxygen with an orange flame to produce a whik 1 ■ d;d mixture o! sotnum o \; de 


peroxide 

For ihc srmpte ovidc 


4Na + O 


— * 


2N* 2 Q 

Na 2 0 2 


For the peroxtdc 

2Na + 0 2 

M agn* *siu rr b urns in ox y ge n with an j nten&e wh i te flam e to g tv e w h j t e sc; i . d ' vutgrie ■■< turn ■ .•■ •; i : e 

2Mg + Oj 2MgO 


SJJJcon 


Silicon will bum m oxygen if heated strongly. Silicon dioxide is produced 

Si + Oj -4 $»0 2 


Phosphorus 

* White phosphorus catches fire spontaneously in air, It burns with a white flame and producing clouds of 
smoke which is a mixture of phosphomsfNlj oxide and phosphoms(V; oxide. 

The proportions of two oxides depend on the amount of oxygen available. 

* In an excess of oxygen, the product will be almost completely phosphorus (V). oxide. 

For the phosphorus (111) oxide: 


P 4 + 30 2 


P.O, 


mo CLxidr. ■ 

For the phosphoms(V) oxide: 

P, + 50, -> P,0, a 

Sulphur 


( H 




mr 


Sodi 


Mrig 


Aiur 


:S7I fc 

i 


Sulphur bums in air or oxygen on gentle heating with a nale Mn» A*™,, . P( . 

S + O, _> so- ^wm a pate blue flame. ft produces colourless sulphur dioxide £t»° 


Chlorine and argon 

• Despite having several oxides, chlorine won't react directly with 


• V 

F 

15 t 


oxygen. Argon does not react either. 
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Sodium 

* Sodium bums tn c hiortn h a br 

2Na + Oj -+ 2 Natl 


* Magm^tum burrs a th r> : 


Mg -t Cl x 


MgCI 


Aiuinfnlum 


vJ< &T l i ■k . Jr ■■ 1 v-''-’ j * ,f ' 



'A 


Aluminium is often reacted with chlorine fcv. r 
The aluminium bums in the stream o! chiorr.e 

direct conwrsion irofn solid 10 vapour and ec f - 

2 AI + 3 Clj -* ZAlClj 

Silicon 

* When ehlonne ts passed over silicon powder hearec n a ' - - 

* Sd 4 is a toiourfess liquid which vaporise and can be co: v - 

Si + 2CL -* SiC1 * 


■■ -tO'. 


L-i i u . t , 


■ EbMnhorus 

• White phosphorus bums in chlorine to produce a mixture oi :-a 
phosphorus! V) chtonde {phosphorus trichloride, PCI, and phe, p- , r . 
PhosphorusflM chloride is a colourless fuming liquid, 

P, + 60, -f 4PCI > 


i u t -;V| 
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Ctyifrw t ta'rnJvfrv: I ,r iJn ftl iu 


K. 


£ IJ: ;■ suni P'-HJirrfc l/i’jm'nt'i 

. Phospliovus(V) chloride is an oil-while (going towards yeiiow, 1 s 

P, + 10C1 2 4PC1 S 


Sulphur 

♦ When a stream of chlorine is passed over some healtd sn P L 
di sulphur dichloride. S 2 C1 2 . 

2S + CU -> S 2 Ctj 


reacts to form an orange, evil -smelting - 


Chlorine and .Argon 

* Chlorine gas [Cl 2 ) cannot react with itself. 

* Argon does not react with chlorine. 


DES 


*****“**“!** 1 T * nf period 3 elements [sodium to chlorine 

The relationship between the physical properties of the oxides 

their structures is given below, 

Argon is omitted because it does not form an oxide, 


THE OXIDES 



The important oxides of Period 3 elements are: 


Na,0 

MgO 

Al 2 0 3 

SiOj 

P,O l0 

so 3 

ci z o 7 

rz_i _ 



p,0 6 

so 2 

a 2 o 


* Those oxides in the first row are known as the highest oxides of the various elements, rie. In these ox:C : ■ 
Period 3 dements are in their highest oxidation states. 

* In highest oxides, all the valence electrons in the Period 3 element are involved in the bonding. 
e t g* one electron for sodium, two for magnesium, three for aluminium and so on. 


& 



(i) STRUCTURES OF OXIDES 


The trend in structure changes from the metope oxides containing giant structures of fans on the fe - ; : a; 

period via a giant covalent oxide ( silicon dioxide ) rn the middle to mo fee u far oxides on the right , 

ff) The meftjl/fc oxides (e.g Sodium, Magnesium , aluminium etc.) 

* Sodium, magnesium and aluminium oxides structure/diagram is same as sodium chloride, i.e. The, 
ionic crystalline solids. 

W Giant Couafent Oxides fe.g Silicon dioxide {siUcon(IV) oxide)] 

* Crystalline silicon has the same structure as diamond. In this structure atoms 
of both silicon and oxygen are present. 

* Jn Si0 2 , each silicon atom is bridged to its neighbouring silicon by an oxygen 
atom. 

(Hi) The molecular oxides 

(e.g. Phosphorus, sulphur and chlorine oxides) 



(A) THE PHOSPHORUS OXIDES 


Phosphorus has two common oxides, 
it) Phosphorus (Ilf) oxide, P 4 0 6 
(it) Phosphorus (V) oxide, P 4 O 10 


■ ■; • : - 




■ r; '- •: 4 - v ; 

mm v 





a P 4 wrt* 
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* It is a white solid 

* Its melting point is 24'C 

* lf s boiling point is 173 C. 

e structure of P« 0 4 can be obtained starting from a P A 
molecule which is a little tetrahedron . 

Pull P« structure apart ro see the bonds 

T , tn iin ^ , a *I the phosphorus atoms via oxygen stems, 
hese will be in a V-shape structure like in .cater 

s p osphoru^ ts using only three of its outer electrons the 
unpaired p elections! to form bonds whh the oxygens. 

an PHOSPHORUS [V} nvirnr (P 0 


Cmfii'ift’ Chfrrtlatry: f-'c i B^'^ ^ 


. if 






* 

* 


So me 


* 


It is a white solid 

It sublimes (turning straight from solid to u apour at 300*0. 

Solid phosphoTUs(V) oxide exists in several different forms Some or these an 

polymeric. The most common is the simple molecular form. This is also preset 

in the vapour. 

In this oxide, the phosphorus uses a.: rive of its outer electrons in ’he bone. re 
This is most easily drawn starting from P^O & . I he other four o.xvgens are 
attached to the four phosphorus atoms via double bonds. 



1 ’ * LT 




t) THE SULPHUR OXIDE 


£ 


Sulphur has two common oxides 

(1) Sulphur dioxide (sulphur! IV 1 ' oxide V S0 2 . 

(il) Sulphur trioxide (sulphur(VI) oxide . S0 3 . 

(li SULPHUR DIOXIDE !SQ 2 ) 

* It is a colourless gas at room temperature. 

* It has choking smell which can be recognised 

easily, 

* It consists of simple SO ; molecules. 

* , The sulphur uses 4 of its outer electrons :o form 

the double bonds with the oxygen, leaving the 
Other two as a lone pair on the sulphur. 

* The bent shape of S0 2 is due to this tone pair. 


bet! ( the ^xpL 

‘ * h ; „ ?' tl y my 

yr . . j r 

. , t i 

?s 

' , up. - - . a 2 J - 2 : 

U I 'fs. J -J f 

/. 

OS- 

i 1 1 J 

3 p ( h. J* y z ■ 2 

e ecl r cr >•■7’ 3 : • 



.ii i 


.■s 


Ss 


o g§: ' o 

XII1.PHUR TRIOX1DE (SO.d 

* It is a white solid 

* It has low melting and boiling point 

■ Gaseous sulphur trioxide consists of simple SO , molecules in whi; 
sulphur's outer electrons are involved in the bonding. 


O 


a., six 


o 




o 



There are various forms of solid sulphur trioxide. The simplest one is a 
trimer, S.O,, where three SO* molecules are joined up and arranged in. a 

ring. 


There are also other polymeric forms in which the SO s molecules 'oni :c ;c: v • | 

So, the simple molecules join up in this way to make bigger ^ d. 
structures Thus, it makes the sulphur trioxide a solid rather J v ; s 
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7 \ THE CHLORINE OXIDE 


ft 


Chlorine forms several oxides. Two are important 

[0 Chlorinefl) oxide. C1 2 0, 

(Jl)Chloilne(VUi oxide. Cl a 0 7 


fIJ CHLORWEfl) OXIDE (CU O) 

* It is a yellowish -red gas at room temperature. 

* It consists of simple small molecules. 

* In this structure chlorine uses its one outer electron and hot .u. 


ef 


/° X, 


Cl 


o 


fjj] CHLOKINEfVUI OXJQE (Cl, 0 7 ) 

• It is a colourless oily liquid at room temperature. 

. In chbrine(Vll) oxide, the chlorine uses all of its seven outer electrons and O — C ! 
bonds with oxygen. This produces a much bigger molecule. 


0 


o — Cl — 0 


o 


o 


(H) MELTING AND BOILING POfMS 


The gJon* siruefures {the metal oxfdes and silicon dloxJdeJ mif/ have hi g h melting and boiling points^ 1 
because a lot of energy is needed to break the strong bonds (ionic or covalent) operating in threv 
dimensions 

The oxides of phosphorus, sulphur and chlorine consist of individual molecules. Some are small and simple 
others polymeric. 

The attractive forces between these molecules will be van der Wauls dispersion and dipole dipok 
interactions. These vary depending on the size, shape and polarity of the various molecules. However, dies*, 
forces are always much weaker than the ionic or covalent bonds of a giant structure. Thus, these oxides tern 
to be gases, liquids or low melting point solids. 


fill) ELECTRICAL CONDUCTIVITY 


T 




None of these oxides has any free or mobile electrons. Thus, none of them will conduct electricity when ibv. 
are solid. 


The Ionic oxides can conduct electricity in molten state. It is because the ions become free in moll.': 

state. So, the movement of the ions towards the electrodes casuses electrical conductivity.. Thus. the 1 , 
undergo electrolysis when they are molten. 


(iv) ACID-BASE BEHAVIOUR OF THE OXIDES 


,h Shtt™ 0,1 ' 3 >= w.,h water » d J£ 


or bases show 


(A) TREND IN ACID-BASE BEHAVIOUR 


A brief summary is given below 

• Generally, basicity of oxides decreases and acidity increases from left to rioht 
. The increasing acidic order from left to right is shown in Period 3 oxides 


Nap 

Strongly 

Da*ic 


MgO 

Basic 


Al 2 0 3 

Amphoteric 


SiO, 

WfqMy 


Acidic 


Acidic 


so, 

Strongly 

Acidic 


An amphoteric oxide is one which shows both acidic and basic properties 


C(,0 7 

Very 

strongly acidic 


1 < fir* 4 j . ;■ 
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ALO 


DIUM OXIDE ( Na,Q) 

Sodium oxide is a simple strongly basic oxide. It is basic because it contains the oxide ion, O z \ which is a very 
ng base with a high tendency to combine with hydrogen ions, 

tet i on tiffh uvjfi?r 

Sodium oxide reacts exothermically with cold water tc produce sodium hydroxide solution. Depending on its 
concentration, this will have a pH around 14. 

Na s O + H z O 2NaOH 

aeiJon mfth acids 

As a strong base, sodium oxide also reacts with acids, e.g.. it would react with dilute hydrochloric acu /. 

produce sodium chloride solution. 

Na 2 0 + 2HC1 -► 2NaCt + H 2 0 


AGNESIUM OXIDE (MgO) 


* Magnesium oxide is a simple basic oxide, because it also contains oxide ion-: 

* However, it is less basic than sodium oxide because the oxide ions are not much free, 

* in the sodium oxide case, the solid is held together by attractions between 1 - -No ; and 2- ,0 . ions. In the 
magnesium oxide case, the attractions are between 2+ (Mg 2 2 and 2- .0' £ ■. Thus, it take* mom enengy to 
break these. So. it is a relatively a weaker base. 

action with water 

* If some white magnesium oxide powder is shaken with water, apparently no reaction occurs. 

* However, the pH of the liquid goes around pH 9 showing that solution has become slightly alkaline. 

* It shows that there must have been some slight reaction with the water to produce hydroxide ions in 

solution. Some magnesium hydroxide is formed in the reaction, Since. Mg(OH) 2 is almost msoluole :r 

water, therefore, only some hydroxide ions actually go into the solution and it becomes slightly atkaline. 

MgO + H 2 0 -► Mg(OH) 2 

rdeffon with acids 

Magnesium oxide reacts with acids to produce salts. 

e g | t reac ts with warm dilute hydrochloric acid to give magnesium chloride solution. 

MgO + 2HC1 -* MgCl 2 + H 2 0 


MINIUM OXIDE (AI 2 0 3 J — 

Van amphoteric oxid7 It glues reactions as both a base and an acid. 

SniumoS does not react in a simple way with water and does not dissolve in it. Although it still contains 

S™ they are held too strongly in the solid lattice to react with the water. 

rminium^ e reacts with hot dilute hydrochloric acid to g.ve aluminium chloride solution. 

AI 2 Oj + 6HCI -> 2A1CI 3 + 3H 2 0 

^/on with ba ses showg ad dic nature, as reacts with bases such as sodium hydroxide solution 

' Aluminium ox g aKjminates are formed. Alumlnates are compounds where the aluminium is 

. By this reaction ^ ^ possi y e because aluminium has the ability to form covalent hoiv.'.s a ith oxvgvr, 

wlh^^con^ntrated sodium hydroxide solution, aluminium oxide teacls in give a colourless solution, o 

sodium tetrahydroxoalummate. 


A1j, 0 3 + 2NaOH + 3HjO 


2NaAI(OH). 
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II 




S ODIUM OXIDE (Na,Q) 


Sodium oxide is a simple strongly basic oxide. It is basic because it contains the oxide ion, Q 2 . which is a V£iy 
strong base with a high tendency to combine with hydrogen ions. 

Reaction with wat(*r 

Sodium oxide reacts exothermically with cold water to produce sodium hydroxide solution. Depending on its 
concentration, this will have a pH around 14. 

Na 2 0 + H 2 0 ^ 2NaOH 


Reaction with acids 

As a strong base, sodium oxide also reacts with acids, e.g,,, it would react with dilute hydiochlotic ucjd to 
produce sodium chloride solution. 

Na a O + 2HC1 2NaCl + H 2 G 


MAGNESIUM OXIDE (MgO) 


Magnesium oxide is a simple basic oxide, because it also contains oxide ions. 

However, it is less basic than sodium oxide because the oxide ions are not much free, 

In the sodium oxide case, the solid is held together by attractions between 1 + (NaD and 2- {0 J ions, in the 
magnesium oxide case, the attractions are between 2+ (Mg 2 ^ ) and 2- (G 2 'h fhus. it takes more energy to 
break these. So, it is a relatively a weaker base. 


Re act f on ujj th _ water 

• [f some white magnesium oxide powder is shaken with water, apparently no reaction occurs. 

• However, the pH of the liquid goes around pH 9 showing that solution has become slightly alkaline. 

• It shows that there must have been some slight reaction with the water io produce oydroxide io.is . 1 1 
solution. Some magnesium hydroxide is formed in the reaction. Since. MguJH.i 2 is almos. insoluble ^n 
water, therefore, only some hydroxide ions actually go into the solution and it becomes slightly alkaline. 

MgO + H 2 G — ► Mg(OH) 2 


Reaction miffo acfds 

Magnesium oxide reacts with acids to produce salts. 

e g (t rea pt 5 with warm dilute hydrochloric acid to give magnesium chloride solution. 

MgO + 2HCI -* MgCI 2 + H 2 0 


ALUMINIUM OXIDE (Al 2 Q 3 ) 


It is an amphoteric oxide. It gives reactions as both a base and an acid. 


^^uminiumoS does not react in a simple way with water and does no. dissolve in it. Although it still contains 

S ions, they are held too strongly in the solid lattice to react wUh the water. 


^"Alurmniuin^ reacts with hot dilute hydrochloric acid to give aluminium chloride solution 

AU0 3 + 6HCI -> 2A1C1j + 3H 2 0 


.-.ho shows acidic nature, as reacts with b use s su c h & s sot :Uu t n h yc l ro x id e s o Inti- o i : 

• Aluminium oxide a _ , minates are formed. Aluminates arc compounds wheie the aiumirur: is 

. By this reaction vaiio ^ ib | c because aluminium has the ability to form covalent bonds with oxy . 

W ,l\Tt 9 OTncen hated sodium hydroxide solution, aluminium oxide reacts to give a colourless solution 

sodium tetrahydroxoalummate. 


md 

■ i. 

ot 






Ajsa 


AtjOa + 2NaOH + 3H 2 0 


2NaAl(OH). 




■ * 
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m College ( hewl 

t lU * Wfitl j* H/|J( it ( IvuirMl ^ 

pH o,si'Hohus(V) oxjde — — ■-• P: 

with Wm i t obtaining a mtxtui 

rht>.phom${V) oxW« tracts violently with water to give a solution phosphor: 

,u"uK the nature ol which depends on the conditions. Consider , J "• ^ _ 

rn'iih I l-il J 0 4 (also known just as phosphoric acid or as orthophospno 


P,0,» + 6HiO 


4H3PO, 




j 


jH 


RtWC tl()» f j ci-s <-r ; 

Since H s P0 4 is acidic so it reacts with NaOH solution as follows. 

NaOH + H,P0 4 -+ NaH 2 PO fl + H 2 0 

2NaOH + HjPO, -*■ Na 2 HP0 4 4- 2H 2 0 

3NaOH + HkPO« -> Na a PO„ + 3H 2 0 


If phosphorus! V) oxide is reacted directly with sodium hydroxide 
solution then same possible salts are obtained, 

^■g i( 

IZNaOH + P 4 O J0 -> 4Na 3 P0 4 + 6H a O 


Remember! 

The Pfii / :r $f reacts mu 
produce hi PO- m solution which i/ 

reacis with haOH. 
p.O- + 6H 0 -» 4H :i P0, 

12NaOH -r 4J j .i- j C : — > : -i ^v' - v - T 
Thus adding these two reacts 

12 NaOH - PAt» -► 4Na 3 P0 4 - ( H. 


T HE SULPHUR OXIDE S ( SOJ ____ _____ 

Two oxides are more important: sulphur dioxide, S0 2l and sulphur trioxide, SOj. 

SULPHUR DIOXIDE 
Reaction with Water: 

Sulphur dioxide is fairly soluble in water, reacting with it to give a solution of sulphurous acid. H.,$P > 

$0 2 + H 2 0 -+ H 2 SO s 

Reaction with Base: 

Since it is acidic so it reacts with NaOH and CaO to produce salts. 

S0 2 + 2NsOH -► Na 2 SO a + H 2 0 

Na : S0 3 + H 2 0 + S0 2 2NaHSO, 

CaO + S0 2 -*■ CaS0 3 

SULPHUR TRIOXl DF 

• Sulphur hbxidereacts violently with water to produce a fog of concentrated sulphuric acid droplets 

Reaction ujltft Bus;**? 

• S0 3 reacts with NaOH aqueous solution to give Na^O* 

2NaOH + H a SO, -+ Na 2 S0 4 + 2H 2 0 

• In principle, sodium hydrogensulphate (NaHSO,) can be obtained bu us™ t, u . 

that only one acidic hydrogen of H 2 S0 4 is used. y s 9 1 a molG sodium hydr os 

• *° ~ «... 


to form calcium sulphate. 

CaO + SO s 


■S- it will react with calcium 


CaS0 4 


THE CHLORINE OXIDES (Cf 2 Oj 


* Chlorine forms several oxides, but two « m^importanTcTb^if^— — _ 

a *°- 1 OX,ae ’ C1 *0?. and chlorine! Ik-M. *' 



* Chlorine(VIf) oxide is also known as dichlorine heptoxide, and chlorine*!} 


oxide as dichlorine monoxide 
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Coltegv Chemistry; Federal B&afd 


CHLORIXEiVU) n\m c 

Chlorine. v II oxide is ±e highest o\ ; dc of chlorine It means chat the chlorine is in its maximum oxidation 
state of - 7 . ' 

h has same trend of the highest oxides of she Period 3 elements. Tims, it shows to be a very strongly acidic. 


Reaction uith 

Chlorine i VI].. oxide reacts with water to give the ve.iv strong acid, chloric AT’ acid. It is also known as 
perchloric acid. 

• The pH or typical solutions will be around 0 jus; 'ike sulphuric acid.. 

C1 2 0 7 + HjO -> 2HC10 4 


Reaction with Rnw 

* Chloric, V I] , 1 ac;d reacts with sodium hydroxide solution to form a solution of sodium chlorate (VII). 

k NaOH + HC10 4 -> NaCIO„ + 

* Chlorine', V 11. oxide itself a;so reacts with sodium hydroxide solution to give the same product. 

2NaOH + C1 2 0, -> 2NaC10 1 + H a O 


CHLOFINE(I) OXID F 
Reaction with Base: 


* Chlorine! 3; oxide is tar less acidic than chlorine; VII) oxide. 

* It reacts with water to some extent to give chloric(I) acid. HOC!. It is also known as hypochlorous acid. 

CI 2 0 + H 2 0 7- — * 2HOC1 


Reaction with Base: 

* Chloric (l) acid reacts with sodium hydroxide solution to give a solution of sodium chlorate(i) (sodium 

hypochlorite). 

NaOH + HOCI -► NaOCt + H s O 

* Chlorine(I) oxide also reacts directly with sodium hydroxide to give the same product. 

2NaOH + C1 2 0 -► 2NaOCl + H z O 


QUICK QUIZ-3 


fo) What is the nature of bonds in the oxides formed when Na r Mg, Al and S react with excess oxygen? 
Na t Mg and Ai form ionic oxides. Therefore, they exists as joni c xjystalline structure. : 

S forms S0 2 and SCri with oxygen. These oxides have covalent bonding in them. 


( b) How do these oxides react with 
(I) Water 

Sodium oxide reacts exothermically with cold water to produce sodium hydroxide solution. 

Na,0 + H 2 0 -+ 2NaOH 


Magnesium oxide reacts with water slowly to produce alkaline solution. 

MgO + H 2 0 Mg<OH) z 


Aluminium oxide does not react with water. It is due to the protective coating on it which prevent it from 

reaction Or the reaction may be very very slow. 


Sulphur dioxide and sulphur trioxide reacts with water to produce H*SO s and I I^SO., respectively 

SO, + HiO -*• H a SO, 


SO, + H a O 


h 2 so 4 


(H) Dilute adds 

Sodium oxide is a strong base. So. it reacts with acids to form salts 
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:H 4 13: * and P'Wurt Lf, IHents m 

Na 2 G + 2HCI -> 2NaCi + H 2 0 

Magnesium oxide is basic in nature. So, it reacts with acids to form s 

MgO + 2 HC1 -> MgClj + H 2 0 


ColU'tfV Chemistry: ! I'dernf ti i}iin{ . ^ 


Aluminium oxide is amphoteric in nature So, it reacts with adds to foim 

A1 2 Oj + 6HC1 ^ 2AICL, + 3H 2 0 

(JH) Alkali ! 

Aluminium oxide is amphoteric in nature. So, it reacts with alkali ?o form [ - 

A1 2 O a + 2NaOH + 3H 2 G -3 2NaAl(OH) 4 

Since S0 2 is acidic so it reacts with alkali to produce salts. 

SO* + 2NaOH -> Na 2 S0 3 + H 2 0 

Since SO 3 is acidic so it reacts with alkali to produce salts. 

SO, + 2NaOH -> Na 2 S0 4 + H z O 


(c) Magnesium chloride Is a high melting point solid t aluminium chloride Is a solid which sublimes Ll ^ J X 
about 1 80° C and silicon tetrachloride is a volatile liquid. Explain the nature of the chemical bonding in 
these chlorides and show how this accounts for the above differences in volatility. 

• Magnesium chloride is an ionic solid in which ions are held together by strong ionic bonds. So lols 
energy is needed to break these sirong forces. Thus, it has high melting point. 

• At room temperature, solid aluminium chloride has an ionic lattice with a lot of covalent character 
temperatures around 180 - 190 u C t aluminium chloride converts to a molecular form, AS Z C1 6 . So. flow i: ;r 
weak interim olecidar forces. Hence, it melts or sublime easily. 

• Silicon tetrachloride is a simple covalent chloride. The electronegativity difference between the sili ■ n an; 
the chlorine is very small to form ionic bonds. Thus, the only attractions between the molecules are v, m dt i 
Waats dispersion forces. So, it is a volatile liquid. 


Y 


Important! 


Solubility of Salts In Water 

The solubility of salts in watei t: mostly controlled by two /odors 


(Important Concept, Not in Svffqbtis) 


U) Lattice Energy: 

Briefly, It Is ihe amount oj energy required to break the crystal lattice of a salt. 

• Generally, higher the lattice energy, lower the solubility and vice versa, 

* Small size ions show tight packing, thereto- >, their salts possess high lattice energies and 

Solubilities. J 


as a result have V 


(h) Hydration Energy: 

BHe/ly, j t Js omount of energy released when one mole of an ion dissolves f 

solution. J n fn water to form infinite dUu\ 


Generally, higher the hydration energy of ions of a salt, higher the solubility ol s ,] t 
• • Small size ions dissolve easily in water, therefore, they possess high h2S™ 

salts have high solubilities. p 1113,1 'wation energies and 


as a result, then 


These two factors work opposite fo each othere, therefore , 

, • In one condition, lattice energy overcomes hydration energy and thus com, r I m 

e.g., in case of hydroxides of alkaline earth metals. ' onUols the solubility. 

In other condition, hydration energy overcomes Lattice energy and thus m „i, 1 , 

e.g, in case of sulphates of alkaline earih metals. ' h °' llrols solubility. 


TOP 


i hr- 1 Jli.mnrr 'Ainrd heir bti.irfontS 


N# 11 " ‘""i p tiU’.h f 


( E. ’hi'i’i i ' f ■ i, l < • V • ..-. i 



ft THE STRUCTURE 


S" 


l ^ J, “ ‘ 11 ' Ul ' <mt - magnesium chloride are sonic The*? consist oi ;v”i ionic lattices at mom temperature 

' ■ '' " l " •' on(: phosphorus .V' chloride chance their structure horn ionic to covalent ‘-'.hen the 

solid turns to a liquid or vapour 

The others are simple covalent molecules 



LING PO 


' ■’ *“* r T*'m ■* ' 


and \v.v: po nts l\ :s Iv cause thee hu c 
^ break them 


* 


Sod t u m and m uq nes \ u m c h lori d es a r e s c !;ds 

strong ionic attractions and a large amount of heat is needed __ _ 

The rest are liquids or low mdlir g pr nr -■he- e\cep: e c ■ ■.be and phosphorus V chlov.de 

In these the situation is quite cc mpiic«iN?o the e.nm.er - - the e: cv* is be much weakci intcnuolecului 
forces such as van der Waals dopers n force- 

Thest? vary depending on the si/e and -h,pv of the molecule bu will a t, - tv :o. 


r: uc.ikc’ than ionic bonds 


Hi) ELECTRICAL CONDUCTIV 


SB 


Sodium and magnesium chloride* arc ionic and so will undergo e(ec(rofysf* when they are molten 
Electricity is carried by the movement of the ions and their dischai ge ..■• die . Uv:^xie- 
In the aluminium chloride and phosphomsiV chloride cases, the solid d v- :v conduct elects icily because 
the ions are not free to move. In the liquid (where it exists - both c-: those -..'vine at oidinaiv pie -safes'!,, 
they have converted into a covalent form, and so don't conduct either 

The rest of the chlorides don't conduct electricity cither solid oi molten bee ruse :V. d v : h.uv uny ions or 

any mobile electrons. 


M REACTIONS WITH WA 


Sodium and magnesium chloride just dissolve in water. 
The other chlorides all react u ith water in different ways 
The reaction with water is known as hydrolysis 


THE INDIVIDUAL CHLORIDES 


SODIUM CHLORIDE, NaC 


* 




Sodium chloride is a simple ionic compound consisting oi a g.av nr re. 

sodium and chloride ions as shown in ihe figure 

The strong attractions between the positive and negative .cm- need i vt oi 
heat energy to break. Thus, sodium chloride has high mehng and boilin : 

points. 

It does not conduct electric iiy jj i the solid state because it vs i : or an. 

mobile electrons and the ions are not free to move 
However, when it melts it undergoes electrolysis. 

Sodium chloride simply dissolves in. water to give a neutral solution. 



m 1 


i 


MAGNESIUM CHLORIDE, MgCJ 


# 

* 


Magnesium chloride is also ionic, but with a more complicated arrangement of the ions to allow for having 

twice as many chloride ions as magnesium ions. 

Again lots of heat energy is needed to overcome the attractions between the ions, and so the melting and 

boiling points are again high. 

SU'd magnesium chloride is a non-conductor of electricity because the ions ,«.• <>, >i hiv m mow 

I fowever. it undergoes electrolysis when the ions become free on melting. 
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aporox 


* 

* 


iii sr. 


l l-'t * p BIaI I’Viiit’nrj Rii* 

Magnesium chloride dissolves in water to give r: • r ' sirhl ’-' fi,CL< * ^ solution 

Whim magnesium kins art- broken of: the solid ■■■-■ . : A^/e coval 

b W0m ft* 2 - ions and the water molecules to get co-ordmote ua.., - ■ 

the magnesium ions and lone pairs on surrounding wate. 

H exa aqu am agne s iu m I ons are formed, ■ M g \ H r - 1 . ! 6 1 

MgCl 2 ^ + 6H 2 O th [Mg(H 2 Oy a d, q + 2CI ■>* 

Ions of this sort are acidic, 


P f 


m 


UMfNiUM CHLORIDE, AICL 


1 '■ovaierh r: 


At room temperature, solid aluminium chloride has an ionic lattice wit a o c wgmm 

At temperatures around ISO - 190*0 {depending on the pressure ar r 
molecular form. At a C1*. This causes it to melt or vaporise because :i:uc are . . . 


int e rm olec ular attract i on s . 

AljClg v - 


2AiQ 


As the temperature increases a bit more, it increasingly breaks up into simple AICU mo 

SpJid alumlm-ym chloride dc r — MorfriHty at room temperature e X . 

to move. Molten aluminium chloride (only possible at increased pressure- dc es . x 
be cause still there are no ions. 

The reaction of aluminium chloride with water is surprising, ii you orop ■--■■■■■ 
chloride, you get a violent reaction producing clouds of steamy fumes of hydrogve 

The aluminium chloride reacts with the water rather thari just disso sing ii- -• 
hexaaqu aalurn i n iu m ions are formed together with chloride ions. 


■ ; 


JltCC 


Sti) 


+ 6H,0„ ~> (AKIljOIJ 5 ,.,, + 30 


■HJI 


This is very similar to the magnesium chloride equation. The only real 


i? re nee :s :he 


e 


ILICON TETRACHLORIDE, SICI 


“I _ 


* 


Silicon tetrachloride is a simple covalent chloride. There is not enough electronogan-, in 
the silicon and tire chlorine to form ionic bonds, 

Silicon tetrachloride ia a colourless liquid at room temperature which fumes in moist , 
between the molecules are van der Wauls dispersion forces. 

it does not conduct electricity because of the lack of ions or mobile electrons 

It fume'* in moist air because it reacts with water in the air to produce hydrogen chloride 

S Jf water Is added to silicon tetrachloride. there is a violent reaction to produce 
fumes r>f hydrogen chloride. 

-/ In a large excess of water, the silcon tetrachloride will dissolve to give a srrongk ,s 
containing hydrochtprk acid 

SlClj 4 2H a O ► SiOs, 4 4HCI 


THE PHOSPHORUS CHi ORIDt s 


Ihere are two pho#phorui chlorides - phosj>harut{II!) chloride, PCI 3f and phosphorus(V) 


puowftpmmrn uimmn: mmmmxmmi mmmj jxh 

* F his is a simple covalent chit tdfi 


Jt becomes a Fuming liquid at room temperature 

Phosphorus trirhkjridir is a ItquSd because there are only van d^r \y< 
alt! af tions between the mole, nlea 


dsspeivion ton es and . ; 
• If does not conduct eteftoniy because of the lack of font or mobile electrons 
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r rj r f e o* C St J " ,.« O f i ■• rs* 






r • ■ c ' : ' r - ... c " ! j r : " e : a a c h s ' 




to 7 ^ r. 


■ ■ ? 


., ■? -C‘j - 

, ^ -■ 


A £‘ 0 T .: USeCt * r_ f y ■ r .^ .- s. - «■ -- -• • ~- r ':Z" 


■ r . e : c rrr . * ... 


PCI, - 311 O 


H PO, - 3 HC 1 


PHOSPHORtJSfVi CHI PRIDE /PHOSPHORUS PF.VT.ACHI ORJD£>. PCI; 


rStr h -*" 1 ■ r*i — . * j—. ! 
•-* ■ • -- - . lit 


“-C SOinc ru.‘ 


■ p - - ■ : ru ra v m o re : . t p . :cs?£G 


* 

« 


7j W >■ r' 

• ■ i 1 S- j . i ■ j 


>5 y - • ; f ■ •- ■“ c 

tp. 3“ - Jl . , - -• !■ . - .. _ ■ -P — ’ ' — - 


- once :s a mv 

.re mgner me temperature pr.es above :ha' 

e :H, chloride and chlorine 

PCI- = PCI, - Cl 


- fi.T-f 


:re more me pros; 


cii.Grioe 


■ - " ^ ’ - J 1 ' '■ . j 




oc .,0 presp norms - 
■ r. e . r o s . n v o 1 v es r> . u m c . e c - . £ : r ; ? C 

Pr.usproms 7 oh or.de m-v- - ■. r rr L :e error, v, 
otr.er covaier.r crioride- :f mere e er mar as 


a. 


■ ■ • - j 


■ is a sol.i room ’.e....p 2 rct 


_ :a . . .e . , . . . 


- - - ■- ■ r - *7 - -s$ 5 ‘ r ; r r o r r 


.os -o- •'.. 


■- . - 


orsser.: tress v. . to or. e •- ■ 


o - oroor.orr a-: 


The reactor or curs 
along -o ;r HC 1 

PCI, - H ,0 


sees 


ir.e first or cr.o ater. 


r 


mrorjs oxvcr Onae 




-> POCU + 2 HQ 

] f oh e v. a* er s b o . rg ‘ r. e p r. o cp r.o ro.s ' . ' c r. 1 0 :t g e reacts tort r. er to v . e pr.c e. p r. c r . c 
Phosphoric V ec.d Is also moo. ; m: as phosphoric acid or as cnhophosphcric acid 

POCI, + 3 H^O H 5 P 0 4 + 3 HC 1 

• _ f 

The or are. ec :aooo m boil r.g v;a:er is ;,st a com om. at. or. o: tnese 

PCI. T 4 H ,0 HjPO, + 5 HC 1 


■“ Im “ 


P“ ■ 


ft. 


ISULPHUR Dl CHLORIDE, SX( 


■ 5 


■:- V 7 ^ 


: T 3" s £1 


“ r.sre := r.o p are zita^z yc 



B- - 






Disulphur dichtoride is formed v/r.er. chlorine reacts v;ith hot su.pr.r. 

Distalphur di chloride is a simple covalent house > orange and 

smellp. . 

The shape is difficult to drav; com.rncmgly. The atoms are a., 
joined up in a itre out r^isted: 

The reason for drawing the shape is to give a h 
sort of intermodular attractions are possible. '1 
of r/mmetr> ir. the molecule and that means that t v,:.. r.ar e an 

overall permanent dipote. 

Disulphur Dichi oride has van der aa;$ dispersion .ores- * c 

dipole-dipole attractions. 

The(e are no in diaulphur dichloride and no mobile electrons, so ‘ -eve: co'evets e.e -::v, 

Disuiphur dichloride reacts slowly with water to produce a complex ™ture of things tndudmg 
ssT sulphur, hydrogen sulphide and various su.pr or contamatg ectos aro an:o s. 


'■SS 3 r =; l~-~- 
fS - 3^5 3 1.-5 


_ i-WV 



7 Which ^'.iiowing 3 <ve ocldlc solution in u. 0 ier: MgCI 2 , AJCI,. S,C) ; . NaCI 

J ‘ w A rp salts of Strong acids and strong bases So ’ney uo r.o r^7. 


: . ; 


* In a 

Bpt, w&i TpnSp:'. - fp: 


eyxess of water, SiO, will dissolve to give a strongly acid:- 


jic solution cor 


■ 

♦ 




Sid, + 2H 2 0 + 4HCI 

L a salt of strong acid and weak base. It reacts with water to prom.:-:. ;; 

AIClV+ 3 »lo - Ai(OH>. 1 3 HCI 

4 ., 

D> c.e 
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# 13' s p-BJock Elements 


Sodium chloride is an ionic soiid in which ions ate held togethe V 


C 

hr ) . 


Why NaCT has high melting and boiling point 

’i sot 1 ^ cut i'v.^ - ^ noints. 

needed to break these strong forces. Thus, it has high melting a - — - 

gT Write equations /or rea^7k>^7o/ PCI 5 with hot and cold water. 

The reaction occurs in two stages. is produced along with HC!. 

In the first, with cold water, phosphorus oxychloride, r JW 

PC 1 5 + H *0 -*■ POC1, + 2 HCI ■ hnrip'V) acid and 

If the water is boiling, the phosphorus(V) chloride reacts fui ther h - !<l I 111 


re i Id 


FOCI, + 3H,0 


H,PO, + 3HC1 


Add the above two reactions to get the overali equation - 

PCU + 4H-.0 -» H 3 PO 4 + 5HC1 


4. What products are obtained on reaction of disulphide dichloride with wu , . . j :-,. 

Disulphur dichloride reacts slowly with water to produce a complex mixture ot > ■ ' J‘> 
acid, sulphur, hydrogen sulphide and various sulphur containing adds ano r-i iio n-. 

2 SjCl 2 + 2 HjO -► SOj + 4 HC1 + | S 8 

8 


S 2 CI 2 + 2H 2 0 


H,S + SO* + 2HCI 


etc. 


5. Why AlCl 3 is non-conductor in solid as uieJf as fn liquid stale but NaCl and MgCt-j are conductor in 
state and non-conductor in solid stale. 

* NaCl and MgClj do not conduct electricity in the solid state. It is because they do not have any mob^e ele cm 
the ions free to move. However, they undergo electrolysis when the ions become free on melting. 

# Solid aluminium chloride does not conduct electricity at room temperature because the ions are not 
move. Molten aluminium chloride also does not conduct electricity because still there are no free ions. 


HYDROXIDES OF THE PERIOD 3 ELEMENTS 


SODIUM AND MAGNESIUM HYDROXIDES 


# These contain hydroxide ions, and are simple basic hydroxides. 


ALUMINIUM HYDROXIDE 

* Aluminium hydroxide, like aluminium oxide, is amphoteric. Thus, it has both basic and acidic proper 


THE OTHER ’HYDROXIDES" 

* In all of these have -OH groups covalently bound to the atom from period 3. 

. These compounds are all acidic. These range from the very weakly acidic silicic acids to the * w 
sulphuric or chloric acids, ' v 


* 


There are other acids [also containing =0H groups) formed by these elements 
where the Period 3 element is in its highest oxidation state. 


but these are the 


OH 

0 

I! 

0 

HO— SI —OH 

I 

II 

HO — P —OH 

[ 

1! 

HO — S— OH 

t 

OH 

OH 

1 

0 

□dflOsJcfc: Acid 

ptiBf|tfiDjk(V) acid 

sulphuric acid 



ehtoriewm atitj 



[he Ultimo be W orld F or Sludencs 

ti Or fti 



inese are Doi - -- 

n ■ T - ■> «• C . . . . v .i 

■ -s. . • « 1 • f 

LX ■ C.lvi A' f1 

k , ' ' - L xi;w eg : J \- 

fc r . - 1 1 - 1 •> cvmen 


NaOH + HC1 
MgtOH'j - 2HCt 


ummm HYDRQXID, 


Nan - M il 
MgCI * 2H.O 


t 

t 


: L. ,-k . 


Aluminium hydroxide ts amphoteric 

, L r ^‘“ T " 1 ^‘Wiiiri hydrides .? 

Wrth dilute hydrochloric acid, a coiouriess sob 

AhOH) :> + 3HCI -+ .-MCI, - 3H O 


But a-umimum hydroxide also ha* *p 

§ i; £ & CC^Our;t ? $$ SO: UtLOr. O! 50. ' f ^ r - . ,. 

AI1OHI3 + NaOH NaAhOHL 


see .::v 


: --L 


>{£ OTHER HYDROX1D 


Orthos: l lclc acid is eery weak 
r : .o? p P.L- n c \ avid ^s a weak acid - n.riioueh > . ” . \ y ^ ■- ^ - ■ ■ 


S u : r h u vi c a c : d a n d c h !o ri c \ 'll L - 


k . cl! L 




: pc mam tacior in determining the streneO e: - •. 
hydrogen has been removed This t v:v \ ? 

rest of the ion. 

:: the negative charge stays entirely on the • \ ■■ 
to hydrogen tons The lost hydrogen ion u;,. 

On the other hand, if the charge con he spread 
that st won't attract the hydrogen back very east! 


■«. 1 




WICK QUIZ-5 


■mwr 


ftfrfch factor determines the strength of no id 
Two factors are responsible foi the stiongih oi tV.es 
i|J Ease of donation of proton Bond Energy- 

Greater the ease of donation of pi atom higho is ::v ,p . 
Thus, higher the bond energy* lessor is the nhh\ t. - do • 
acidity order among halogen acids is 1 11 > J ith - I H ' 



fttj Siuhi/ity o/ the antorc fun/agate Nisei 

Greater the stability of anion, higher is the ac idm 
anion by attracting elections of anion tow uni , ns ! 

hoc* m ir e no/ 

In this, the anion (00/1 *$ stabilised by shvng e e 
are highly tlectronegative elements Thus, hk to, - 


\ 

e g 


JuUlfy ihot AliOHh I 

AlfOH)* rvmLU with both «c.k h md to form salts $c 

ttenettan uith acid: AllOHh + 3HCJ k 

with bit*e + NaOH * 


\\a 

NaAl OI 


L I 


i > 
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UMIC AND PHYSICAL PROPERTIES ur i ™ 

- . Table: Some Physical Properties / 

Ptopcrty Li . — — 

Atomic weight / 4 

Atomic volume 

AtomicJmefafJfc radius for coordination ttumher 12} 

covalent radius 
Ionic radius of M + Ions 
Melting point 
Boiling point 

Ionization energies (kJ/mol) (1,1 

"7 ■ " * M 

Standard oxidation potentlal__^ 

Sublimation energy (eV/ion) 

Hydration energy (eV/ion) 

Electronegativity . : 

Colour of the flame 

Heat of atomisation at 25C (eV/atrh) 

■. ‘ *! 

Ionic conduction of M+ Ion 


1 


2M9_ 

23.63 


43.36 


> u 


2.33 i 

2.03 1 2 ' •" 


tr 


j - j— i 

63. i 


760 


/ •- 


-U 


495.8 


41-8.9 


4562 4 


'-if"-. 1 ■■ "j 

, }U w J .4 ---■ - - 


3.04 

2.71 

2 99 

2.93 2 1; 

1.7472 

1.2432 n 

1.032 

| 0 984 

5.904 

3.792 

3.6955 

-r‘ L -. . ! 

j ‘J .-JV . . _ - 

1 

0.9 

0.8 0 = 

Crimson red 

Golden yellow 

j—. 

Vic 'st 

1.7472 

1.2432 

1.032 

i r - 

33.5 

43.5 

64.6 

O / O j 0-5 


Shielding Effect or Screening Effect: The decrease in attraction between oufec^os- e eel >ns 
inner sheik electrons is called Sh redin a effect or screening effect 


RENDS IN ATOMIC RADIU, 


3 


The distance of outermost electron from the mideusof an atom 
white consicterincj it spherical is colled atomic radius. 

The atomic radius mcregges damn ihc group from flf/ifium fo 
caesium. It is because, douvn the group number of shells 
increases. So, the atomic volume increases. Moreover, the 
shielding effect of inner electrons also increases. Hence, atomic 
and ionic radii (of M* ions] increases from lithium to caesium. 


atomic 

radius 

(nm) 



- s 


RENDS IN FIRST IONIZATION ENERG 


First ionization energy is the energy needed to remove the most loosely held electron ft > 
gaseous atoms to mate one mole of singly charged gaseous Ions 


r-i t\uvi v- 


M 


IRP 


4- 


The first ionization energy decreases down the qroon. 

Tk/i _ii ^.i' . h I , ’ 1 si CMiScition 600 1 

* (he alkali metals have only one electron in their eneigy 

outermost shell (nsl electron). This ns 1 electron is fk , 500 ' 

weakly held with Die nucleus. Thus, it can he ’ 

removed very easily. Therefore, Alkali metals have 
low ionization energies. 

- The distance of ns 1 electron from the nucleus 
increases from Li to Cs due to increase in atomic size 
Thus, its removal becomes more and more easy anti n 

the amount of energy required for the removal of ns 1 e w tmn ,.. , 

alkali metals decrease from Li to Cs. ' n a ^° decreases, 

The second ionization energies are fairly high, since the | (S « a . 

M* ion has a noble gas configuration. ' K> strv0ncl det iron from M ( ,lio 



Na K 

1 1 ei icc, ioni.WL-. 





hr U innate wor " cv i mr _ 

^ 8 13 r * fjna P'llloefc ilf'nK'ntx 


i-BEWPS IN ELECTBONEGATH/I 


0ecfronegufitjrfy is a measure of the tendency of on atom to ottroct a 

ending pair of electrons 

« ^ ^ usually measmed on the Pauling scale, on which the most 
electronegative element (fluorine) is given an electronegativity of 4.0 
( It has no unit., 

* ihe electronegativity values decreases down the group from l.i to '■ o 
due to increase in atomic size. 


kenps in melting and boiling POINT ; 




m 

5oth the melting points arid boJlljitj points decrease do urn the Group. 

The melting and boiling points are very low due to the mr 
presence of weak inter- atomic bonds in the solid state of the 

alkali metals. 

The bonds are 'weak due to their larger atomic radii and 
mainly due to a single valence electron as compared to large 
number of available vacant orbital. 

As the size of the metal atoms increases, the repulsion of the 
non-bonding electrons also increases. This increase in too 
repulsion of non -bonding electron decreases the melting and 
boiling points of alkali metals from Li to Cs. 


f . ifttfffi 1 1 lic'in f'. f r ■, f t*fh'r 1 i *(r* f 1 1 ^ ‘ r * 





J I 


in: 


Jjjjj 


LJ 




K 


fib 


TRENDS IN DENSI 


ii 


* 


The densities of alkali metals are quite low due to the large 
atomic volumes as shown in the figure. 

Li, Na and K are lighter than water. 

The densities increase with the increase in atomic mass from 
Li to Cs, It is because increase in atomic mass is more than 
the increase In atomic volume So, the density increases 
K is however, lighter than Na. It is due to an unusual increase 

in atomic volume of K. 

ii Na K 


Elemenrs 
Dcnf/llcs 
crl 0°C (gfc.c) 


0.972 


0.859 


itn : 





QU/CK QUIZ-6 


L Different 35S ».h .he 

« njTSS by eiw - >' °< - 

energy le absorbed eiumjv us Ik- ls«ir ■ 

««v *-*•« **w "» 

£,t lu« are .mp-W by Ihe *>"» <° "* 


'll 


t) it 151 ;W 


2 . 


It artater limn I" 11,11 l N ' 

: of' ft-*-' -on. hold, ; f lb, t u,U- l , 

‘ % difficult to remove and thus ionUation . 


Ma/+ * 


> IS 


\H 3 + 73H IcJ/molr 
V H ® + 1451 kJ mult 1 


’ 

• • ■ ■ 




X--: : ir-i 


mi 


wy • 


vW >•'' 
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r point of Qlkati metals are low as compared to alkaline earth metals, 

is due to tmo reasons 

rhe. atomic radii of alkaline earth metals are smaller than those of alkali metals in the same period Pm;, ■ 
alkaline earth metals have relatively tight packing of atoms. So. they are harder and have higher melting pr>j • 
than alkali metals 


cl 

El 


Alkali metals have one valence electron. Thus they provide one electron per atom for binding. Alkaline can I 

metric; firm i-ir-1 j-> ikt i; 1JTV. _ i _ £ 1 1“ if' 1 lb I _ JL I 2 -■ I f ■— s 1 .-. ^"3 L-. ,-v. I 


iivwt wnc vam ict: ejection. t nus mey provide one election pei cuum iuj : 'C- \ 

metals provide two electrons per atom for binding. So. they have stronger binding forces and have h . ! 
melting points than alkali metals. 


CHEMICAL PROPERTIES OF THE GROUP 1 ELEMENTS 


FACTIONS WITH WAT 


\ ft 

'A 




With the exception of Li H the alkali metals are extremely soft and readily fused. 

1 hey are highly malleable (i.e. can be pressed out into sheets) and ductile (i.e. can be drawn into wires I 
When freshly cut. they have a bright lustre. 

They are quickly tarnished as soon as metal comes in contact with atmosphere. 

The reactivity of Group 1 metals increases down the Group, 


Enthalp y changes for the reactions 

* Generally, enthalpy of reaction increases from Li to C$, 


a 


+ H a 0 fl) MOH (jq) + Va 


However, there is no regular pattern in these values. They are all fairly similar. 
Lithium releases the most heat during the reaction 

In each case, metal atoms in a solid form are reacted and metal ions are 
formed in the solution. 

Overall, what happens to the metal is this: 




l4q) 



CHI 


factions with oxyge 




Sec it 


th 


Li when burnt in Olives mainClith.um monoxide, (normal oxide) Li 2 0. 


■■Vatf: 


Na when burnt in G 2 forms sodium peroxide Na 2 0 

2Na + 0 2 Na 2 0 2 


ff 

hyd 


Other alkali metals react with 0 2 to form super oxide of M0 2 type 
M + O e -> MOt, 1 


hi 


Normal oxides of alkali metals are not formed bu the h:™.. 

w -■ »_< * .... 

2Na 2 0 2 + 4Na -> 4NaO 

2NaN0 2 + 6Na -j. 4Na!o + N 

2NaNOj + lONa -» 6Na.O + N 


s 


metals and 0 2 excer 

me:- 
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The U .h'Mle IVCirhj ~-ji 5ti -Jtfhb 


CH * s and p-Black Elements 

p roperties, 

. Normal oxides {0 2 1 


('offrjjr L'ftPinlxirv t vitvrui ll thv ,i f* (f rt If 


■ v:Vi wnn H a O to form hydroxides by proton exchange. 

prjlon 


o 1 - 


+ H t 0 - 


- ok- 4 oh- 

j§|-j| 

ST ld “ l0 '" 1 « ***** 0- «. RRy oxidizing Tta. „ 


hose iViiot ui:h r L( ) to give 3 \J ) 




<V + 2H £ 0 
210-0] + 2H ; 0 


H ? 0; 

H,0. + O. 

*■ 4. 


Normal oxides have anti-lluorite stmetune They a,v ion,,- in ll; uuic since they cental 
t etoxLdes contain peroxide ion, 0 2 2 or 0-0 1 1 ' 

The super oxide ion has a three electron bond as shown belt 
The presence of one unpaired electron in it makes this in paramagnetic and coloured. 


n monoxide ion, O 


2 - 


low. 


FACTIONS WITH CHLORIN 



Sodium bums with an intense orange feme in chlorine in the same vn^’Z it does i 
The rest also behave the same in both cases. 

In each case, a white solid is produced which is the simple chloride. MCI, 

2M + Cl 2 -+ 2MCI 




nds o 


FACTIONS OF THE OXIDES WITH WATER AND DILUTE ACID 


in pure oxygen 




^M^TfsfTTt C- 



£ 


THE 


SIMPLE OXIDES. X. O 
with water 


These are simple basic oxides, reacting with water to give the metal hydroxide e.g. Lithium oxide reacts with 

iter to give a colourless solution of lithium hydroxide 


M,0 + H,0 


2M0H 


tetfon with dilute odds 

These simple oxides all react with an acid to give a salt and water, e.g., sodium oxide will react with dxme 

frochloric acid to give colourless sodium chloride solution and water. 


M,0 + 2HC1 


2MCI + HjO 


IE PEROXIDES. Xfl* 

»on with water 

* If the reaction is done ice cold then a solution of the metal hydroxide and hydrogen peroxide is formed. 
These reactions are strongly exothermic. However, during reaction the temperature is controlled so that it 

does not rise. 

M 2 0 2 + 2H 2 0 2MOH + H 2 0 a 

* If the temperature Increases, the hydrogen peroxide produced decomposes into wv.vr r i d ox , : : e : r 

reaction can be very violent overall. 

* The temperature rise is generally certain. However, it can be controlled by adding the peroxide v > 
to water. 
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i .'c .. . ( ?H “> 6 I 1 (' r ■ . I 1 : ', 11 ' ^ 




- . . ' 


cv; 


. , , . ...... » •w r ' 1 • .■ ■ 

L. w ^ .... 1 . \ .1 > -' • • • A , • ^ 


_ . _ ■_ , V -fc , ■* * 1 ■ ’r 1 . V " 

AaN-i ? A ■ 1 ' 


M; 0 : - 2 H c: 


MCI 


„ -. . s -V 

. «■ > T . 1 

... t . . . 1 . 

HO. 


«\'f ■ ■ h\ ‘V ’ ‘ • 

A , . . . x. v X «. k , \ 


* * ! % 1 ■! 


V :.' V jruiv ■ !m'' !t 


■'.!! . v 


- -■ - tiM SLPEROXJD^s VO 


■l . . vUlU.\ t: Cl ■ 


hvc:v's*rr. .s Grnuxd bu; oxygen o.i> :: ..i>w 


- lese are srcn-g.y exomermic reactions. Thus, the heat produced will finally decompose the hydro® 


2MOj - 2H O 

ffggction Ltit/i dil^g acicfs 


vb 1 -- 


^ ^ _i . P ... , v . xp ■ 




2M0H -4- H O - O 


mm- , 






l T* 

-">* raact: -.3 - 2 re ex. 

'.■ ermic than with • s • 

J s- *■ 1 1 M. VP.-... Ls IL t . 

Thc?c . 

cl tv .i.h,- \ ioiot'li :tx : 

k” 


pi'iv \:ce is formed tone: ho: u:-h 


- ■ V 1 **' 


ONi’ben c:.ns. 


-••o.: Lcma n TTvg a sa.t and ny< 

*3 a i p decompose to grv e water and oxygen as the temperature rises 

► 2MCI - H.-O, * 0 3 


•’ 'vice 


2 MO, + 2HCI 



r M2mm 


* CurT; P’ ojn ds arc more stable to heat than the corresponding cormxH nd- in *> 

z i* - impounds behave similarly to Group 2 compounds. ' ' ~ 

Tr A rart r: ...... ._ 1 ■ .1 .... 


... . W x/.wuu w [ i J puu J lU 5 . 

T " re5t ClOL:p 1 ^ave similarly but in a different way than Group 2 

bjeorborraigs and nitrnJ^ 

Tm; Csri: berates M;C0 S 1 and bicarbonates <MHC0 3 ) are highly stable to heat 

• With ^crease electropositive character from Li to Cs. the stability of these salts increases, 
i t-cir nrtreres decompose on strong heating to the corresponding nitrite arid O, 

2NaNOj 2NaNOj + O, 

•e L/.'.s decomposes completely to give corresponding oxide. NO, and O,. 

3LiN 0 3 -> 2Li 2 0 + 4NO, + 0 3 


4 

» 

i 
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QUIC K QUIZ-7 

^HiCTHE TREND INTLmSOFTHEP^^ IV,..- r»rr a ^.. ~ 


I . Why lithium salts are more - r M ^ 

When cations approach near an anion, they attract the outer most electrons oMhe™* j 
T nos the distortion or polarization of the anion takes place This distort' -e anion and repels the nucleus. 

between two oppositely charged ions. So. a bond bein tJcaSn and f ^ ^ Shanns ° { 
character. In genera! the smaller cations polarize the anions more effectiveh thnnbT €COm ^ partLy COv ^ent in 
softs ore s!,ght! v covalent while other alkahmelat salts are ionic ^ °"1 There ^ lithiw 


2. Give , and of stability of carbonates of alkali and alkaline earth metals along group 

. The solubility of alkali metal carbonates increases down the group due to increase in ionic character 

* Generally, the solubility of alkaline earth metal carbonates decreases down the group except Barn uihich 
has slightly more solubility than SrCO s . So. a clean trend is not found. P 5 ^ 
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Why nlk«« m.-lilfv ti. k,-,„ ,,, ri , lll/rt „ 


1 * ■ Hi- or o.inn t’il 

Alkali mi utis u\v I \u(h c '; ot on tapullv . -i - . ■ p.;-, av .•<■<. 
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LAME TESTS 
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Flnmo tests .Hi' Used 1o idolltilV pa m v. ,■ a! \ :. ■ ■■■ .- n 1 
All metal ions klii not oive ' ■ -m ^ u-, 

F!cW tests is n U' COmaM U iv O r ,'L - ; | V ' ’ ■ - lUv! 1: IP 

Yo\ Oil W\ metals. I’h'V Umi.I k a 1 :,At ea ■ <. method'- .naiUbk 
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Take a platinum oi tinTitoii;,’ ,.i iii.'kvl i hnuiHU.nl olloy' ^ '■ 

Clean 1 1 by dipping i1 into m u u. mini U’l 1 liv ill . s Toi i> o, .1 ,ir 
Repeal this until the w no doe-’ not pi od is e any, ■ ■ <linu m ih. : 

Moislon the clean wnr with soilin' ml ihe a. si and limn dip -i m ■ ■ 

sticks to the who 

Place the wire back in (he Hame annul 

It thy flame colon i is weak, ihen dip Hi.- unc bat k uifliv - si .ma. ■ m.-. pm u b,v, i. mi » nm H 

A very shoil but intense tladi ot cotoui i . > ■! u, mm. ■ 

Different colours aio Junvn bv dillcicnt element a - .Mown m table 


, I n il I |. ' ,i 'i !• ! 


il/LT; run COLOUR 


3 


Different colnur,. shown lw 


uh a:- -hiuvn in lain 


bWU’.-i'ii 




. Get samples o( known lilhinm. si. M’ - 

the flomn U’>l Wllh known oihI imknowiM 

UfMdtfW eololll „.^K.k-oL lw know., .on.ronn.l, J 'll. 
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• WJif v- y f - 

v,v. 
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.1 . t. 


:i; - - o: unfit-?; absorbed c . ■ r.c the sxd:s:.c.;- 

f/j/.'ir, [rn -jarred by tha s^orr.: :o ’he tieT.e 
■ L n ;> cop j; r tp c > f ?j - k t. '-■ rr.e'ab ’ r .. c . e ccvt , u : a : to r. i r :r ■- 
in r 'Pills. f fiis : e ! : ; is k r ; o wn a s the v a m e test. 
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QUICK QUIZ-8 


(I ) Ion o/ ufftfch element am one? the aJkafr metah has the ^reatesf polarizing power : 

In general, the smaller cations polarize the anions more effecth. is-vj -~?j- bigger •;■ 
has the greatest polarizing power. 

(2) Justify the placing of Li, Na t K, Rb, and Cs m the same group oj the periodic table. 

The valence shell electronic configuration of Li is 2s l which is in accordance with mar or w sILal. 
(ns 3 ). Thus, due to similar electronic configuration. Li shows similar chemical properties 1 wr.-v i. is osat e 
alkali metals group. 

f3) Write the electronic configuration for alkali metal atoms. 



Element 

E/ecironrc Configuration 

| Short configuration 

LI 

U 2 2s 1 

• [He) 2s* 

Na 

Is 2 2s 3 2p G 3s 1 

[Nej 3s 1 i 

K 

Is 2 2s l 3s z 3p b 4s 1 

[Ad 1 

Rb 

Is* 2s* 2p 6 3s* 3p 6 4s 5 * 3d is 4p‘ 5s 1 

JKr]&‘ 

Gs 

Is* 2s* 2p 6 3s* 3p‘ 4s* 3d’ 11 4p‘ 5s* 4d ,,J Sp‘ 6s' 

[Xe] 6s* 

Fr 

Is* 2s* 2p 6 * 3s* Sp 6 4s* 3d lt> 4p 6 5s* 4d'“ 5p 6 6s* 4f 14 Sd 1 * 6p* 7s 3 

: [Rn) 7s 1 


(4) Explain the periodicity in ionization energy r elect ronegativity and atomic radii on passing from Li to Rb. 
Atomic radii increases from Li to Rb due to increase in number of shells and shielding effect. 

Ionization energy decreases from Li to Rb due to increase in size 
Electronegativity decreases from Li to Rb due to increase in size 


* 

« 


(5) Among alkali metals atoms uditeii has the largest ionization potential? 

Lithium (Li) metal has highest ionization energy due to its smallest size among alkali metals. 


(6) Explain the following: 

{a) Alkali metals show an oxidation state +1 on/y 

Alkali metals have only one valence electron which is easily lost due to low first ionization energy After % 

loss of one electron, they get the noble gas configuration. So. it becomes highly difficult to remove second 

electron from them. Therefore, they have high second ionization energy. Hence they do not show oxidatk n 
state greater than +1. 

(b) Alkali metals are univalent. 

Alkali metals have only one valence electron which is easily lost due to low first ionization energy After ' 
loss of one electron, they pet the noble gas configuration. So, it becomes highly difficult to remove L ono 
electron from them, 1 here fore, they have high second ionization energy. Hence they are univalent 

{ c ) alkali metals are good reducing agents 

Alkali metals have low ionization energy. So, they can easily loose electrons i.e. they are easily oxidi . 
Thus they can reduce substances and act as excellent reducing agents. ' y XK 

(d) alkali metals have low m.pts 

Alkali metals have only one valence electron, So, they provide only one electron for binding Therein- 
they have weaker binding forces and hence they have low melting points. 
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Ci>' 

£ tji C r >■ ■if, ls t 

ry: FeJeroi Bex 

Properly 

Be 

m 

Ca 

Sr 

Bu 

P.i 

Atomic » eight 

9.0 [ 

24 .31 

40.08 

8 7.62 

1 3 “ . 3 4 


Altumtimcv {Vu nf 

6,4 x 10,4 

2.0 

3,45 

0.915 

0.040 

I 3 \ 1 0 i 

ear fhks trust) 
Dcn*ir\ (|»m/e,c.) 

1.84 

1 .74 

1.55 

254 

3.-5 

6.00 

Melting [mint ( IJ C) 

1277 

050 

838 

-63 

"14 

“00 

Boiling point (°C) 

2770 

1107 

1440 

13 Nil 

to i 0 

-- 

Atomic volume (e.c.) 

4.90 

13.97 

25-9 

34.54 

36." 

35 0 

Atomic (i.e. h metal- 

1.12 

1 .60 

1.97 

2.15 

S ’ ' 

Mm ■ M~ Jr 

— 

lie) Paidius for co- 
ordination num- 







!>cr 12 (A 1 ') 







Cwulvnt rml iuc (A") 

0.90 

1.36 

1,74 

l .9 [ 

1 3>S 

■— 

Ttmic (tnatoJ nuJiu» 

0.3 1 

0.65 

0.99 

1.13 

! .35 

140 

of M 1 + ion ftir tes- 
or din ;ii ion number 







+ fA 1J ) 
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(KJ/niotL 1 ) 







It 

899.5 

7.17.7 

829.8 

54”. 5 

50 1 <> 

Mor j 

la 

1757,1 

1450.7 

1 145.4 

1 0o4.3 

^f-5, .’! 

9 ‘9 t,ii> 

li + Ir 

2656.6 

2188.4 

1 735. 2 

1 o 1 3 . S 

1 Jt.S. E 

1 188. *6 

OvitLilinn si fill n 

42 

+ 2 

+ 2 

■+■ 2 

e- l 

+ : 

Elect mncgiith ii v 

1.5 

1.2 

1.0 

0,9 

0,6 

0 *> 

tJunic colon ijiljir n 

None 

NtMlC 

Brick 

< ' t‘i ni 

V pi 1 li 

Ik rt 




ivil 

ion 

C iVi ti 


OxiiJMliou Huk'iitlnh 
i«r M f v) 

* M J + (*U|) H It- 

1.70 

1.37 

2.8^ 

2.89 

2 791 

’ l) » 

1.70 






lleut tif nufoiiiiMiil Ion 

h( 25' h < ’ uritJ 1 iitin 

327,26 

!4o.K*» 

181.21 

163.2 1 

l - 5 . ■* ‘ 


im-oinii (KJ/ntuk) 







1 Ji;hI of liydrutlon 

(KJ/iikuit) 

1385,48 

1925.1 

1 653. 07 

1458, t* 7 

1 7 i, il 


Ionic potent lot of M2 + 
ion clinrcW 

rmlltja rulL»y! 

(t . hti 

3.08 

2. 1 2 

1 82 

1 55 

1.33 


I Hums IN I HIST IONIZATION ENERG' 
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0 *. J rittH *) 


Mrv/ Ionization c ;wm Is Ihc energy netted to u-mo,,, ihe lllosf 
i/okjou v atoms to rmikc oi W mo/e of singly charged gaseous forts 
M w -> 2 e' 

• The figure shows Hu- first Ionization entity ol the Group 

2 dement* 

* E h«. fl m .J gntf wwnrf tentoollon finTQ|,-» ,i, r , t WHP 

M t mmtt itwr ja^ii ltfc the <»/ ™w 

w»! tin to J»n. 1 

It Is because, the tils I mice of outer electrons from the 
nucleus Increases from Be to Ra due to increase in 
atomic size. So, removal of elections becomes more and 
riniM- easy ant! thus amount of energy required for (he 

removal «!«frons also decreases, Hence, Ionization 
entmjte* irons Be to Ra, 

. Ifo has slightly higher first and second Ionization energies than Ba 


ik jti WcVOlui from tw/i < i j ou - <’ o;’ 

>M*I loil,**l l£ sn t Iivruvol Its* Uloup „> el.mr.Ht 
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CH * ^ 5 and P Block Ehments 


RENDS IN ELECTRONFriATtyn 


f iftlrtff J fu ntt-.ir f I*or f ^ 


1 'i 


1 : 


- msm "riiiif iii 

ec ronegatrurty is a measure of the tendency of an atom io attract a bonding pair of electrons. 

Ms usually measured on the Pauling scale, on which the mosi 

electronegative demenMfi,.^™,n r ^/•r.„ iltil)l 

J r Element ttluormcy is given an dedronCgativity of 

It has no unit. 

T . he figure shows the electronegativities of the Group 2 
elements. 

The rfn „ ; „ „,,, 

It is due to following reasons. 

Down the group atomic size increases. Thus, the distance of 
bonding pair increases from the metal nucleus. Hence, 
bonding pairs are less strongly attracted and so. the 
elec tro n ega I i vi ty d e creases . 

Moreover, the bonds formed between these metals and other things (e g. chlorine) become more m d 
more ionic down the group. I bus. the bonding pair is pulled away from the ( 5 roup 2 element towards 
the other things (e.g r chlorine), 


e h 


o l 


t lirmc(f,i fh/1 Ey F,<T fliw t ;topj|> J , 
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I If j hrly O a r U 1 1 n 


TRENDS IN MELTING POINT AND BOlUNG POl 


_ an 

■ - ^ fitelii ntj att<i Eoittrifi of Grotj|> 2 elemen ts ore w*iiinB «i >»►- fimiuv g>- 

higher them Group 1 efcmvntjt, ft is because Group 2 1 KJ 

elements have two valence electrons. So, they form greater r,;;) 
number of bonds than Group 1 dements. 

Generally, no regular trend is present in the melting and 
boiling points of Group 2 elements. 
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LllUC] 
I V ][ I 

nnii 

ar in 
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Melting iHfints 

The figure shows that the melting point decreases down the Group. «« <*\ - 
However, the smooth decreasing trend is broken by magnesium. rc ] 
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Boiling points 

The figure shows that there is no regular pattern in boiling points 
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CHEMICAL PROPERTIES OF THE ELEMENTS 


EACTIONS WITH WATE 


ELEME 





The renctJuftu increases <Jo»>n the group . It is because, down the group ability to give electrons increases. 


rffE FACTS 


Ber vlllum 

Beryllium has no reaction with water or steam even at red heat. 

Maanes ftim 

* Magnesium burns in steam to produce white magnesium oxide and hydrogen gas 

Mg,., + HjO,„ -+ MgO,., + H 2( „ 

* Very clean magnesium ribbon has a very slight reaction with cold water. Alter several nine' - .me 
bubbles of hydrogen form on its surface. The coil of magnesium ribbon usually floats to tin- an ice 

* However, the reaction soon stops because the magnesium hydroxide formed is almost insoluble in water 

and forms a barrier on the magnesium prevenling further reaction. 

Mg,., + 2H,0 (l , -► Mg(OH) J( ,, + H I(l) 
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r»£.VO IS REAC 


zrer, i:ir = 


• 3: i_ *•• h LS amphoteric since it reacts with a.ctds to farm sacs 


Se'OH. 1 , + 2 HCI 
Be'OHjj + 2 NaOH 


BaCI ; 


+ 2H.0 


NajBeOj + 2H 2 0 


* 

V 


‘ ^ r! ^*ides or otr.er metals are basic in nature 

• b;.;- ^ ^ ^ increase in s*e of M 2 ' cation, £* £$£5 £££ 

* tpb'btpb'^'^.b^b ° xysen of 0H ' ion and ihe metals atom increase. T hb bb 
rJ M 0H 2 and hence basic character increases. 

b* r ° ' : * r - P ° :ari,in3 p0W€r of smal » Be ** in BefOHk. it is covalent. All other hydroxides aw c - • 

' Tb f" Y ] I ir ‘ C,eaSeS d0Wn ' he GT0UP “ shown ^ the solubili^ products 
rte j.i n - 1,6 x 10 * MgfOHJs = 8.9 x 10- t2 

1.3 x 10* Sr{0H)j = 3.2 x 10* BaiOHl. = 5 4 x ffh 2 

n. ; v^OM, t and Mg(OM;, are almost insoluble in H,0. The hydroxides of other metals are 
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FORMATION Of SIMPLE OXIDES 


2 


type. 


• The alkaline earth metals form the normal oxides of MO' 

• Th^ are ohwned either!* heating the metal in O f or ^beating their carbonates 


2f,a f O 

CaCO, 


2Ca(J 

CaO + CO, 


at high temperature 


Proomriltt: 

• 1 ‘^'rr-mr-ly table while crystal line solids clue to th-.tr u- u 

pnektttfl doubly charged in *ln a sodium chloride type of lattice. ’ 9h attlC£ energy obtained 

• lief t and M U ( j qtillr- insoluble In 1 1,0 while 1 1.0 f'aO Qay 

hydro,!*,, MfOJ I), which are stm™ Ka«k " ' ' ,&0 qand Ba ° react with H*0 to give saw 


W() 1% 
t flu** J 

W«(OHf, t 2 UCI 

iJefOHl, l 2NnOil 


are strong liases 
Irt nature In fa, t (i |, amphoteric since it 


reacts with acids to fonn salts and with <l!k ,| , 


> 
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HatT, + 2H,G 
N« t BeO t + 2H,0 
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CH * 13: a andp-Blork Elements 


• The ox «dcs of other metals 
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group. 
.2 + 


are basic in character. Then basic charade: im i- a .*"■■■ mi ’ie.j tb*' 


ion has high polarizing power due to small size Thus. Ro( 1 is covalent u.hi< h n[lu-r n ide ,i 


re . ■* 


■I :|f 


^p^ynledc^ ^ COVa ^ en * ^ Gt * s ;i higher melting point and is ban In than the tildes ol or her n i.j. rV , ,j 


• Each Be atom is tetrahed rally coordinated 


by four oxygen atoms 


{b ) FORMATION OF PEROXIDES 


The peroxides of heavier metals (Ca. Sr, Ra etc.) can be obtained on healing I hr noimal oKkln. vith { > . 

nigh temperature. 

2BaO + O) 


2BaO 


Propertfes: 

* The peroxides are white, ionic solids having peroxide anion, |0 Of 

* They react with acids to produce H,0,. 


(c) FORMATION OF N ITRIDES ON HEATING IN A IR 

• All the elements bum in nitrogen to form nitrides, M,N a e g 

3Ca + N 2 > Ca :i N 2 


* These react with H a Q to liberate Nt i, 

2Ca 3 N 2 + 6H 3 0 -4 3Ca(OH) a + 6NH, 

* Be 3 N 2 is volatile while oihei nitrides arc not so. 


TRENDS IN SOLUBILITY OF THE HYDROXIDES . SULPHATES AND CARBONATE 


J- SOLUBILITY OF T HE HYDROXIDES 

The solubility of hydroxides of Group 2 metals increases down the Group. 


um hydroxide 


1 1 appears to be insoluble in water. I lowever, shake it with water, filter it and test the pH of the solution, it will 
be slightly alkaline. It shows that then." are more hydroxide ions in the solution than pure water. So, some 

magnesium hydroxide must have dissolved. 


Otefirm hydro jr/de 

Its solution is used as "lime water". One litre of pure water will dissolve about 1 gram of calcium hydroxide at 

room temperature, 


It is soluble enough and produce a solution with a concentration of around 0.1 mot dm 1 at room temperature. 


H- SOLUBILITY OF THE SULPHATES 

The solubility of sulphates of Group 2 metals decreases down the Group. 


Ill* SOLVBIL fTY OF THE CARBONATES 

• The solubility of carbonates of Group 2 metals decreases down the Group. 


Carbonates are insoluble in water and therefore occur as solid rock minerals in nature. 


Ive in HfG containing CO t due to tire formation of bicarbonates. 


Ca(H COa} 2 


* 
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7. Behaviour of oxides and hydroxides: The oxides find hydroxides of beryllium fire? runpholerir , ,, dissolve in 
both acids and alkalis to form salts. 


BeO + H 2 S0 4 -► BeSO, + H 2 0 

Sh Behaviour of carbides: Beryllium carbide is decomposed by water to form methane K 1 Uf. 

* Be 2 C T 4H*0 2Be{OH) a + CH 4 

The carbide of other alkaline earth metals are decomposed by water to form acetylene {C-,1 1,] f ; or exarr , 

CaC 2 + 2H*0 -> CatOH) 2 + C t H 2 

9, Behaufour of nitrides: Be 3 N 2 is volatile while the nitrides of other alkaline earth metals are non volatile 

10. Number o/ molecules of water of crystallisation: The salts of Be a + ion cannot have more than four molec es 
of water ol crystallisation while other alkaline earth metals have more than four molecules of water of 
crystallisation. It is because, in case d Be 2+ ion there are only four orbitals One orbital can accept only om: 
lone pairs of electrons denoted by 0-atoms of the water molecules as shown below. 


Valence -shell 
electronic Configure Lies* 
of Rti atom [2d J , 2p*} 
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On the other hand, other alkaline earth metals like Mg can extend their coordination number to six by using one 
3s, three 3p and two 3d orbitals belonging to their outermost shell. Thus. Mg in. Mg' 5 state is 

U. ^Mg* 2 Is* 2s’ 2p* 3s° 3p,° 3 Pv ° 3 P / 3d,/ 3dJ 3d,/ 3dfW 3dV 

11 Formation of cample, compounds: Be 2 * ion, on account of its small size forms stable complex compounds like 
[BeFJ ‘ [BeF-,1 2 " The M 2 * ions derived from other alkaline earth metals form very few complex compounds. 
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the highest Ionization potential? 

m Ae'smaltet^e among alkaline earth metals so i t has the highest ionization potent, al. 


a 


— — _ ’ ", & g places In one group of the periodic ioble, 

{2) ™al valence ^"electronic configuration of all these elements is ns 2 . Thus due to similar electronic 

configuration these elements show similarchemicalpropert.es. Hence the se are placed m same group. 


<3J Explain the following ^ (f>r)# but no M * ,„ rts . 

ta} Alkaline earth meto s J or va lence electrons. Both these electrons haw qmir low ro/iO bo, 

Alkaline earth meta s e (hey form M 2 * ions instead of M* ions, 

both these electrons are lost easily. Hence mey 
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On« the other hand, other aika .-« eanr -?tafc 
om 3§, three 3p and two 3d orbitafc bdort^ng to their ok - - ± ^ 

<# V""** ** »/^™ ,w ^ detreases ^ ereiS ; , e soiub , 7 ,. 

inert am on moving dou n i h* 2 ro Jp " ^ 

• In hydroxides, OH is a smaB anion. So iafisce am depot ds - - 
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(S) MgSO, it more soluble h, *<,Ur than Ba-SO 

It is because the SO« ion is common in both Th is - 

overcomes the lattice energy. Since * mr J n i- !0fl ,s a <Juite bigger an™ •_• 

Ba'bon is less than Mg*‘ ton. ’ ‘ 88 ,0n •* &&>tei than that^i '?'-' cr£: 



B^ I+ ion is less than Mg 2 * ion,, 

(h) Alkaline earth metaUform M*~ i ons bm ^ 
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”7 ~ ertfy uqhies decrease d own the group form C to Pb , Htm'euer. f/ic decrease fc nof 

and f-orbite^h^^ ^ ^ ue to the filling of the d- orbitals in case of Ge and Sn and f-orbitate in case of Pb S Llce 
becomes irregulai^ P °° T ^ ie ^ ins eJ ' ecr - 50 the V cannot shield the valence electron effectively. Hence, the patter 


TO METAL IN THE GROUP 4 


c rm lr . T . ~r -■ ■ -■¥r-TTi i Ttfirr-»vtr ^ V(V :< ^tf^Yli»'; 

STRUCTURES OF THE ELEMENTS 

The metallic character increases down the group in Group 4 dements. 

Caibon at the top of the Group has giant covalent structures. It lias two common 
ailotropes, diamond and graphite. 


Remember l 

1 he similar explanation 
can be given for 
hregu lari ties in atomic 
radii, electronegativity etc 

T 




• Catbon and S1 licon commonly show +4 oxidation 

* Germanium cnrnmnnLek™... l*il . n , siaiGS - 


^ . F viii y «iuw i-4- oxiaation stafpc 

fSrr ra °? y f° a,S bo,h+2 arld +4 oxidation States 
Tin an dPb commonly shows +2 oxidation states. 


* 


^•hen two np z electrons are lost from th* n* 2 n 2 — — — — - — - — 

The t« *aion, in n S > te , Ae '''IT'"" ‘ h °” + 2 « 1 *»**«. 

pair ol electrons. rniatonolM «talh wirfJaM 

Ge- 1. Pb- hen.-. Sn ., , pb „ 


5^!..“’ efo ” ” ^ *“ *""• * ««-«. »«.. T.e. M- cafon 


^l^Si£f±4 oxidation state decrease ,u 

— ggcreasedown the group^U. Ge 1+ > Sn 4+ > p b « 


” ,ta *°* •* 

oxidizing agents. ' ' "*"* ^ gS^- gggj^ X ZZI& 

n*2+ . . Rememberf A — — ^ U J 


chcr 


Ge £+ compounds n e 4+ mmn rt ] 

Uss stable com P 0| Jrids 

Uxldlsting agent 


^^niejnberf A reducin — 

"f G ° u 

he electrons lost by Qe 1 * are H . '" seif oxidized). 


The electrons lost by Ge 2 * * b ’ Se!f ox,d ^ t ' d '- 

l hat s P ecig s is redu ce Hen c J t ?° *° me °<her species Sr 

b a reducinn agem 
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^ 1 ° LUfi ^ of compounds o/ Sn* + are iess stable fftan those o/ Sn €+ . Thus, compounds of 
r\ oc ;s > r mg reducing vac-rib yjhi/e those o/ ore 4 * act as oxidizing agents 

Sn 2 ' compounds 

rtabJe 

iRedurfn^ agem 


Sri ' compo jnds 

M«r* *(rr£j/f> 


Simi/ady, Pb compounds are more stable than those o/ Pb*T Thus, compounds of Pb* w act as strong 
oxidizing agent, while those of Pb 2 + act as reducing agent,, 

Pb 2+ compounds 

More stobte 
Reducing agent 


Pb ' compounds 

i-^5» 

Oxidizing ayvnt 


Th us^ the order of stability of NP* and AT 1 ’ cations of Ge. Sn and Pb is 
Ge <Ge T ; Sn 2+ <Sn’ 1 ^' Du2+^nu* 


rv 4 >Pb- 


ib\ N EGA TIVE OXIDATION STATE 


Since the electronegativities of these elements are low. they do not have much tendency to form the 

negative ion, 

* However, carbon forms C* and C 2 2 " ions in certain compounds. 

Examples: 

Be 4 C z or Be 2 C (Be 2+ and C 4 ions) 


A1,C 3 (A! 3 ’ and Colons}. 


NaC £ (Na + and C 2 S ions': 


NaCH 3 + i‘Na + . C and FT ions) 


CaCs 1, (Ca 2 * and C 


2- 


-2 '.^o qjiuv^j ions 


Exercise Q3 fix) Discuss the inert pair effect In the: 


(a) formation of Ionic bonds (b) formation of covalent bonds 


THE INERT PAIR EFFECT IN THE FORMATION OF IONIC RONDS 


Ist+Znd JEs 


If the elements in Group 4 form 2+ ions, they will lose the p 2 electrons, leaving the s 2 pair unused. 

e*gp to form a lead (II) ion. lead will lose the two 6p electrons, but 
the 6s electrons will be left unchanged, which is the "inert pair", 

Generally, ionization energies decreases down the group. 

However, in Group 4, this does not quite happen. 

The total ionization energy needed to form the 2+ ions are shown 
in the figure in kJ mol" 1 . The figure shows there is a slight increase 
between tin and lead. It shows that it is slightly more difficult to 
remove the p-electrons from lead than from tin . 


4GGG 

3GGG 

2QGQ 

inaa 

a 


i m i 


Si 


Ge Sn 


Pb 


1 it + 2 H.El* 3 rid+*th IE* 


The total ionization energy needed to form the 4-r ions are shown in the 
figure in kJ mol' 1 . The difference between tin and lead is more prominent. 
The relatively large increase between tin and lead must be because the 
6s 2 pair is significantly more difficult to remove in lead than the 
corresponding 5s 2 pair in tin, It can be explained by Theory of Relativity, 


*. 


ttul&tlc Contraction 

the heavier elements like lead , relativistic contraction of the electrons 
tends to draw the electrons more closer to the nucleus than expected. Thus, they 
ore more difficult to remove, The heavier the element, the greater this effect. 

This affects s-electrons much more than p-electrons 



In the case of lead, the relativistic contraction makes it more difficult to remove the 6s electrons than expected. 
The energy releasing in other process like lattice ethalpy and hydration enthalpy are not enough to compensate for 

•his extra energy It means for lead it is not energetically favourable to form 4+ ions 
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J*“ ,herc be<xme * * unpaired electrons. These undergo hybridization to form 4 covalent bonds 

n ‘" ?*':* U t * «f vetectron is supplied because the carbon can -hen v , , 

covalent bond*, fsoch covalent bond formation releases energy which is more than needed : excra: 

!<• CSV "«»>"' 'in tins. It is because bond energies decreases down the Group due to r -v — - 

,h<? b " W,,n * rM,r '*"» " w "y ,f ""' fhe two nuclei and better screened from them k ' ' ' 

the energy released when two extra Pb-X bonds are formed mat -n y™, 
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* The C-atom bt'-ng a os 2 period of the periodic + «j ■ • *.• * ■. ..■■', ' 

is unable to accorrn odate the lone pair donated hv •he donor ca . v e ' : y ec. ■; :•/ ' : • r. . 
unstable intermediate compounds Hence, the tetraha 2- s c : C ■, 

* On the other hand Si, CW and Sn have vacant d-orbita.- ? h •. e .-.;■ a. . vie r c p ■ • ; :-.u> ‘ 

tetrabalides get readme hydro: ,sed 

* Ease of hydrolysis of tecrahaiides by H*0 decreases from S: to Sn d..,: • • ucv.vh -. r,w n cm c . a:e.::c cv 

the central atom Thus GeX 4 and SnX 4 tetra halide are less tc c' . ' v s r vta tw-C.es 

* It must be noted however, that empty orbitals are a t with any at m Fh< ut u»c 

sufficient energy is provided for the reaction to occur, e.g.. CQ 4 underg • v ‘ i when superhee 

steam is used 

.j. H^O aifom — > t OCl 2 + 2H i t 1 
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’ ■' - • •i s‘-.. ;. 


Hydrolysis of ictrahahdes of Pb follows essentia , the s^me panotr l ■■ v..e t i m^v. • ,v ot w.-,e e 
of Ph 5xime decomposition of PbC .* : PbC , 2 


compounds of Pb Some decc 

PbCI, -* PbClj + Clj 

| PbCU is hydrolysed by H : 0 as fo!!o'ws 

PbCI, + 2H]0 -* P fe0 * + 4HC1 

^ o| Si Ge. Sn and Pb react with halide ions and hexn’ia.o np‘e\ . 

ISiF*) 1 -, (G«X*1*- e-S- 

SlF, + 2F -*■ IS1FJ*- 

, The !ctTaha i,j : .: C are exception They do not form such complex ions 
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OXIDES 


There is a large difference between the physical properties of caroon ■■- 
known as silicon! IV) oxide or silica). 

Carbon dioxide is a gas whereas silicon dioxide is a hard high- meting so d 

The other dioxides in Group 4 are also solids. This is also due to the difference in •... j 

dioxide and the dioxides of the rest of the Group 


THE STRUCTURE OF CARBON DIOXIDE 


The dipole moment of carbon dioxide is zero. Therefore it is a linear melee 



THE STRUCTURE OF SILICON DIOXIDE 


* It is a macromolecular compound, in which silicon and oxygen atoms are linked togeth* 

tetrahedral basic unit. 


e: co'vs.er 


■ In crystobalite, these units are joined as in diamond, white in Quartz and tridvmite thev 
around art axis. 


are arrangec eo 


E. c. 


Due to this structure silicon dioxide is non-volatile and hard unlike carbon dioxide 


St 


Similarity between structure of silicon dioxide and carbon dioxide 

• Tnatomic molecules of silicon dioxide and carbon dioxide, carbon and sill 
(0 4 valence electrons. 

(II) 4 covalent bond formation. 


con are similar in having. 


Differences between structure of silicon dioxide and carbon dioxide 

But they show a lot of difference in their physical properties. If is due to the fact that 

° afcmT a '° mS “* lar36r ^ ^ CatbOT -d thus tend to be surrounded by more 

^ Silicon from only single bond with oxygen atoms while carbon forms double bonds 

atoms In While silicon atom is bound to four 

for silica is SiO, However the whole crystal of silicon «n ffe ^ 
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The oxides of the elements at the top of Group 4 are acidic. 
f The acidity or the oxides decreases down the Group, 

* Towards the bottom of the Group, the oxides become more basic. However, they do not lose their acidic 
character completely. Thus they become amphoteric 
$ An oxide which can show both acidic and basic properties is said to be amphoteric. 
p The trend is therefore from acidic oxides at the top of the Group cowards amphoteric ones at the bottom, 


4flBQN AND SILICON OX/D 




■URBQN MONOXIDE 


t it is i.eciLed as if it is a neutral oxide. However, it is very slightly acidic, 

* ^ does not react with water, but it will react with hot concentrated sodium hydroxide solution to give a 
solution of sodium methanoate. 

NaOH + CO -+ HCQONa 

* This reaction shows that it must be acidic. 


CAffBOJV AND SILICON D/OXIDES 


These are both weakly acidic. 


Auctions with water 

• Silicon dioxide does not react with water, It is due to the difficulty of breaking up the giant covalent 

structure. 

* Carbon dioxide does react with water to a slight extent to produce hydrogen ions (strictly, hydro ionium 

ions) and hydrogen carbon ate ions. 


H 2 O w + CO 




II 1 w + HCO;l 


I "H I 


* The solution of carbon dioxide in water is sometimes known ns carbonic acid. It is actually about 0 1% of 
the carbon dioxide has actually reacted. The position of equilibrium is well in the left hand side. 


fJpjria with have 9 

* Carbon dioxide reads with sodium hydroxide solution in the cold to give either sodium carbonate or 

sodium hydrogencarbonate solution 

* The ratio of both depends upon the relative amounts ot leactnnls. 

2 NaOH + C0 2 -► Na s CO, 4 H 2 Q 

NaOH + CO, NaHCOs 


4 

r.« T 


r 


Silicon dioxide reads only with hot and concentrated sodium hvdmMde solution. Sodium silicate solution > 

formed. 

2 NaOH + SiO a -> Na a SlO a + H t O 

The famous reaction in the blast furnace extinction o| iron is also with a haste spev.es. CaO 
/ [ n this reaction calcium oxide (hum the taw material limestone) reads with akeon , ! a\ do to pn\ -n , 

liquid slag called calcium silicate. 

✓ Thl* reaction also shows tht acidic behaviour of silicon dioxide reading with a base C l&Q) 

CaO (t , + SiO a( „ -> CaSIO, 
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THE MONQ)UD £s " 

All of these oxides are amphoteric (they show both basic and acidic properties;. 

The basic nature o £ the oxides 

These oxides alt react with acids to form salts, e.g., they all react with concentrated hydroch : . 


MO,., + 2HC1, 


MC1 IW1 + h 2 o„, 


where M can be Ge and Sn However, Sead shows a different behaviour, 


Leadtll) chloride Is fairly insoluble in water and, instead of getting a' solution, ft will form an . . 
over the lead(II) oxide by use of di/ute hydrochloric add. Thus reaction is stopped. 


PbO (- > + 2HC1 


PbCl 2(1} + H,0 


2^1) 


However, with concentrated hydrochloric acid it does not happen. In concentrated acid, the far..:..- : .v 

chloride ions react with the lead(II) chloride to produce soluble complexes such as PhC T ’ 
complexes are soluble in water and so the problem disappears. 

PfoCl^, + 2Ch 




PbCI 4 % q) 


The acidic nature of the oxides 

* All of these oxides also react with bases like sodium hydroxide solution 

MG„ + 2QH^ q] -* 


XO^,, + HjO (1 , 


* Lead(ll) oxide, for example, would react to give Pb0 2 2 ' [plumbate(ll) ions]. 


THE DIOXIDES 


These dioxides are again amphoteric. Thus these shows both ba^d 


acidic properties. 


The basic nature of the dioxides 

The^di ox ides react with concentrated hydrochloric acid first 

MCU + 2H 2 0 


MO, + 4HCI -» 

These will react with excess chloride 


to give compounds of the [ype MCI 


XC1, + 2C1‘ 


XC1, 


ions in (he hydrochloric acid to give complexes such as XO 


‘ InlX'nS 2JSJS lr i0n " «* Mmchloric «, 

»d .Ho,*.*™, *». oM’stiaK t: " ad, " : •* 

The acidic nature of the 

* reaC ‘ h °‘ C ° nCent, : ated sodU - hydroxide solution to give soluble complexes , 

X0 2 ,„ + 20H- ( . q) + 2H,O m - mOH) t] ^ 

. Some sources suggest that the lead(IV) oxiH* i 

°“ k -*» «•» WMS In ,h„, 

PbO,„ + 2NaOH,n _ Na.PbO... + H .o ( . 
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merits 




2Cl 


CaHegr Chi'misify: i-'.-'ds-.ti r s v ;1 __ 


^5 


Fo t "’ 

Br-Br V^n^ 0 ' 1 lS sbi; " !om S^seous bromine molecules to separate gaseous arc ms 


^ 2Br -' 
Gos not Ljqufd 


I N THE HALOGFMS V_ 

U| °" j Pn,h ^ l^oUh ^_a-a. Br-Br ajl d U bonds decreases A 

——a. — E uue ,o increase in atomic size except the F-F bond. 

-J bond has eery loir dissocintion energu. It is due to following reasons 

t IS due to very small F-F bend length than other X-X bond lengths. 

j- ’ at0 ' ns in F 2 molecule repel each other and thus the 

dissociation ot P 2 molecule into F atoms becomes easy. 

W molnli? T — ' Bri T d ’* m ° lecufe5 [s str °nger than F-F bond in F, 

in X y K V s uV° the POSSibility of the formation of multiple bonds 
in A’X bond with d- orbitals. 


Bond fffitnai^tej 


330 - 


Er? 


t-i J mo, 


f ~ N ° EmHA 1 Pf ^JNlHEW DBQGEN H All DFK hv 
- band enfh nip tes of HX d own theoroyn 

- ^^csrrirjssr- *,'”*! r •* — - 

weaker. So the bond enthalpies of HX decreasesTo^The group ^ ^ 


F™CL™J F HALOGENS AS OXIDIZING AGENTS: 



ecu 

Oo-a^Tiapy 


H-F H.Q H-& 


FACTS. 



Ito MW™*™” hwSo“ XT ”7 " r “ Sh ° W “*»* P ro Perty. 

“»• "Man. ««. ^ ^ h »“« » a« '»*nc s ,o accept elect™ and Lee ,c, 

The o« a „ s p, 0 ^ 

A z f n^U }^)( + HOX 

During this reaction energy is released Th ^ reMi0r '- X takes ekciro 

*• ' ' ne,W S mad ' “P I"- different ene^fa «. lh „ „ (uiio 

he values of energy decrease from F, to I Th, ,u 

*“”• Th “ s - °"f<» of oxidielng poai, J "’ e “““"S >»“«f »t haloc,,n, *p d , c „ a!ei „ 

c p . k Z ^ C ' 2 > Br * > agents). 

»* ,0 Mogene In sol „,,o 

Sim^aHy C^wi" displace Br and I‘ ins from their solutions and Br w lip- , 

Clj + 2X -» 2CI- + X, * Wl displace I mns from their solutions. 

Br 2 + 2X~ > 2Br + Xj 
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ROGEN H 


Al! tSie halogen acids in the gaseous states are essentially covalent. 

However, in the aqueous solution they ionise to give solvated proton (HjO + ) and hence acts as acids. 

H.O + HX ^ H 3 O f + X 


# HF ionises only slightly while HCl HBr. and HI ionise completely. Hence HF is the weakest acid and 
strength of these acids increases from HF to HL 

The order of acidity is 

HF {weakest odd) < HO < HBr < HI {sirongesi or id., 1 . 

i The weakest acidic nature of HF is due to the fact that the dissociation energy of H-F bond in HF molecule 
is the highest. Hence this molecule has least tendency io splits up into H and F ions in aqueous solution 

t The above order of the acidic strength of HX acids can also be explained by relative order of the basicity of 
the conjugate bases of these acids. The order is F' > Cl" > Br" > 1” . Since, a stronger conjugate base 
means a weaker acid, therefore the order of acidity of HX acids is HF < HCl < HBr < HI. 

* The hydrides show no acidic character when perfectly dry. 


halide ions as reducing agents 

WENDS IN REDUCING STRENGTH ABILITY OF HALIDE IONS 


a HE REDOX REACTIONS BETWEEN MAUDE IONS AND CONCENTRATED SULPHURIC ACID) 

* Fluorides and Chlorides do not reduce concentrated sulphuric acid. 

* iVflh bromide ions 

/ The bromide ions are strong enough reducing agents to reduce the concentrated sulphuric acid. 

/ In the process the bromide ions are oxidized to bromine. 

2 Bt" — ► Br^ + 2 e~ 

z" The bromide ions reduce the sulphuric acid to sulphur dioxide gas. 

/ This is a decrease of oxidation state of the sulphur from +6 in the sulphuric acid to c4 in the sulphur 

dioxide. 

H 2 SO* 4- 2H + + 2^ -v S0 2 + 2H 2 Q 

* Combine these two half-equations to give the overall ionic equation for the reaction: 

H 2 S0 4 + 2H + + 2Br -+ Br 2 + SO, + 2H 2 Q 


* With Iodide foils 

✓ bdide sons are stronger reducing agents than bromide ions are. 

✓ They are oxidized to iodine by the concentrated sulphuric acid. 

21- I* T 2e 

* The reduction of the sulphuric acid is more complicated than before. The iodide ions are powerful enough 

reducing agents to reduce it 

✓ first to sulphur dioxide (sulphur oxidation state = +4) 

✓ then to sulphur itself (oxidation state — 0, 

S and all the way to hydrogen sulphide (sulphur oxidation state = -is. 

. The most important of this mixture of reduction products is probably the hydrogen sulphide. The half- 

equation for its formation is: 

H 2 SO«+ 8H* + 8e- -> H * s + 4H 2° 

• Combining these last two half-equations gives: 

H 2 SO« + 8H + + 81- -* 41* + H * s + 4Hs ° 
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SUMMARY 

r.ur.r.ae and chloride ions 


era 


t ollvgp. Chetuhtry: Uttu^j y> 


rjj ,■ f{ 


E: -- > ' ^° n r redua? concentrated sulphuric acid. 

TO bromine sulphuric acid to sulphur dioxide, In the process, the bromide ions are oxb: 


ions are oxidbeH^n acio to a mixture of products including hydrogen sulphide. The 


lOOJ! V 


zed to iodine. 

' T ° L ' n ^ - ' ia ^ e 10n5 increases as you go down the Group. 

ErVptanatron 

ioniLlfhlt loseX?ons redUdnS ^ ^ *° SOmcthin9 clsc ‘ That means tha! ‘he hatki* 


more they arc, 


=c^erel ‘° n ’ f^ 6 fUrther the 0uter electrons are from the nucleus, and the 
dc-Infe rT ^ mner u e!ectrons - ^ ^erefore gets easier for the halide ions to lose electrons as ,X , 
■ ■ ■ G.o,p because there is less attraction between the outer electrons and the nucleus. 


QUICK QUIZ-1 1 


hydrc^en ijonrj 


6 + 


H 


\ o ' 

H 


b + 
H 


■ i c 


■o; 


flj Glee reasons of the following 
• HI is stronger acid than HF. 

It can be explained cn following bases 

» In HF, molecules are Hydrogen- bonded in a zigzag manner Thus 

ion cZ^eZa^ eS" ? ^ ^ Sh ° W " ifl fhe fj 9- H* 

" S 0 ™ ° f H ‘ F ^ “ C ° nSiderably *— — H, bond. Thus, HF cannot donate its H ioni 

HF iS P i0n WHiCh iS 3 — base than r ion. Thus its corresponding acid, j 

Hence, HI is a stronger acid than HF. 

' • “rc“” r ? h -°' h -° *- — * »w- „ „ 

moleaufe. So. due ^ ^ » Sfng' in «: rTtatlota '' VT "** ^rogeo bond p 

' “ becaiisc do *" the groupbond 8 ^ 8n ^' 

- M=, the order Qf ^ Qf ^ W H ' X b ° nd d — - *■ - " d — of proro 

b “* H ™” * p k ” 0*1. <h«loro. S“*X Of m < T d > .®L >| -- S "“- » stT <*Figer cooiog 
Hence aodity increases down the group, ^ HX aC ' ds ls HF < HC1 < HBr < H |. 

<2 > Illustrate the oxifofagZ^^yr—j~— _ 

oI “ - - 

X * + H *° -* HX + HOX 

(3) Arrange the halogerislnlh,, j~ . ~ — _ 

The order of oxidizing power fe"* ° f the,r oxld ‘* i >'9 power. 


F e - Cl 2 ^ Br* > f 2 fl « otes( „ xllllllng ag( . ntsJ 
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ir 


|l is due 3 to two ixmsoi^ 

» T He * icc .ron, ntlmitv ot C I i i ^ hiylu’i t]i,m ili.u ol lo-iliiir 

t The hvdr&hon t L it orgy ol I ] ion o biglvL ih.in I loir. iluo !< • mho 
solution 1 his is tho mam lactm 

It means, tho chlorine will hike up vtcclii mu. umoiiv !■ • ionn < 
stronger oxidizing ,.wn( than todmr 


lit i v • i j 1 |ni e 1 1 ] 1 t ' 1 1 J I ! ■ i » i i ! null 


. I L 


tin: 


I ior j Mil In j 1 1 . i r 
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JO Halogen* a ro f/io bt\sf oxldintig agents 

A substance that has a iomloncv lo accept one oi mom Hut hoiw is 1 an I i 


L > ".I M 


S n li/lng jjinj^oiy 


The halogens have high election alhniiv vohk^ and also high b ! m ‘m-i-i rfM ^ rlt lfjli 


1J y 


have a great tendency to accept electron to tomi anions and horn i ■ *u:i a 1 , -.tionn o> n'li/mri • »>* 


X a + H.O 


HX + HOX 


(cf Fluorine Is a hatter oxidizing than chlorine. 

It is due to two reasons 

* The bond dissociation energy of fluorine is quite low, <o it w ill ilissnt. luIus r.i| wily l< > take up eh" ‘ " o - 

* The main factor, however, is hydration energy. The ! ions h.ivv high hydration ■ m'k m > >•; due "j ‘-mmi 
so it will form readily in solution. Thus fluorine will take up elei. irons uMdil 1 . iu U urn f ior i-ian f 
Hence, fluorine is a much stronger oxidising agent than < hlorine 


[dj EJectroftccfaJHifty of halogens decreases in fhc* order F > Cl > Br > I 

it is due to increase in size of halogens down I he group 

Due to increase in size, the distance of bonding pair increases from the nucleus oi an atom 1 fence hot, dir 'i 
pairs are less strongly attracted and so. the electronegativity decreases 


SOC/ETY, TECHNOLOGY AND SCIENCE 


Food and Beverage Canning 
History 


History 

As early as 1940. can manufacturers began to explore adapting cans to package carbonated soft drinks I wo 

Important points were investigated for their production 

m T he can had to be strengthened to accommodate higher internal can pressures created by carbonatior. 
(especially during warm summer months]. It means increasing the thickness of the metal used in the can ends 
Otherwise, distortion of the end wonld strain the seal, creating potential leaks or making cans unstackable lor 

storage and transit 


storage and transit. , , . , 

12) Another concern for the new beverage can was its shelf life. Even small amounts ol dissolved .... or iron from 

the can could impair the drinking quality of both beer and soft dunks. 

Fortunately beer, which is only mildly acidic, is relatively nonconosive. In addition, beer ayes naturally. ,o .! 

has a limited shelf life of about three months in any package 

In contrast the food acids, including carbonic, citric and phosphoric, in soft drinks present „ u-k for 

corrosion of exposed tin and iron in the can. 

The consequences of off-flavors, color changes and leakage through he me ded to be * ldr< 

j point was upgraded by improving the organic coatings used to line the inside, making c ans heawe 

mom encasing. 
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! rsnt 

These steps are' ■ ai - n °t obtained such rather these are obtained after passing through difleren: 

IJJ p '" ins and enrichment 

reduction 

<3) Re ^2 and Castinq 

| pj ^ J 

However few d3C USec ^ IO °^ ta ’ ri eac ^ meta ^ l" rojri its ores and to develop ir into useful ■■ 

’ ^ St£p£ are COn ™°" in ^e metallurgy of every metal. These are follows 


irtic 




W Crushing 


w 


Obtaining ores by digging the rocks and hills is called mining 

“*"* b t V en ® nsets arld laborers with the help of machines 
or not * " COnf ' med by Sllrve * and analysis that obtaining metals from this is econorr 


OT GHndJngf 


: “““ iMo » »« 


(fit) Hand Picking, Jugging and Shaking 


’ wS'Xt" “" d " < " V " 0P “ i *» “out is cheap, metallic stone. 


• In some coinhte ZSSrtSZZ*’ ' >V '“ nS wl,h " ch “9 e " 


are picked anc 


(tv) Magnetic Separation 


• ThhSeir^me 0 ,* SCmtt“ p Z“S |t IT* ““ *">»>“ 

(2) REDUCTION 


■ 

■ 




At as melting pint, mo“S malus^im™ faJJSa" are h “ ,,!d al hi 2 h tempera, me' ' ' 

— 1 ‘ES, to the of imD ... 

Then they are passed through the process of red f ” 

The Process Action a SL-552 5S&. 


the j 


Blast Furnace 

• Jt is lined inside with fire bricks. 

Its height and capacity are kept accordino to th* 

Hot gases enter from lower side and rT 9 T quirernen i: 

Temperature is maintained at 1500°-3000°C C fr ° m <be tope of the furnace 
Th« lumace Is usual,, used (ot tan and copper 


* 

* 

* 
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g^flNG OF MET ALS 

y.'-.vr i*\trjcwl m the above process are further refined by the following process 

Process : 

A fire furiuKv' '> used to remove the impurities of metal. 

It .5 l-nec inside with fire bricks and is just tike a room. 

Burning gases are entered from one side and exhaust gases are removed from the opposite end The 
process ls operated form opposite ends after an interval. Metals melt in a shorter time by rh-s rxo w&y 
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IMPLICATIONS OF BLEACHING POWDER. 


Bleaching powder is actually a mixture of calcium hypochlorite ■Ca'GCi..^ end r ne 
CaC^ HaO with some slaked lime. Ca{OH) 2 

Bleaching powders take time to dissolve in water and longer to work. But. it has a ion- 
comparison to liquid bleaches and can be used on items like upholstery, carpet anc some del 
However, bleaching powder should never be combined with ammonia or u J -ed or com red : 

cause fading. 

Bleaching powder is used for bleaching cotton and linen, f: is also used ir. batr.ro o. 
disinfectant sprays, moss and algae removers, and weedkillers. 

Bleaching powder is highly effective for cleaning inside the home and outdoors. 

v ‘ It can be used for removing mildew- from fabric, cleaning countertops and tor rerr. 
between tiles, bathmats and shower curtains. 

f Outside, the agent can be used on plastic furniture, unpainted cemer T rm-. . 
eliminate mildew and other stubborn stains. 

Bleaching powder can be used to safely disinfect. 

J It can sterilize many things around the home including secondhand goods 

and baby toys and furniture. 

/ Bleaching powder is a highly effective means of returning the luster :o 
Glassware can regain its sparkle by adding a small amount of pc . 

washing glasses. 

Gardening 

* To kill any annoying weeds growing from cracks and crevices 

bleaching powder and water is applied. 

✓ Moss and algae on garden walkways can be easily eliminated . ooo 

diluted in water. 

* Powdered bleach is also useful for sanitizing garden tools :o avoid : 

✓ Adding powdered bleach to the water of cut flowers w i help to ; m 

the growth of bacteria in the vase. 
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. aiso mixed with the detergents used in 
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* f . quantities are used make uranium (VJJ fluoride for r v separation of 25s l ’ and 235 ( "■ 

UF, (s) + F 2 (g) -+ UF\ (s) 

■ ’ * • n,u ian S' ’ !l.: .»oc.iibon • •:r.j'Ot;r,us tor use as rvJrigerams. aerosol 1 

P 3 pci fan ‘s anaesthetics and fire-extinguisher fluid 

SSjel-W^ 0 *! ‘ fluoroeart>ons is P o| V (tetrafluoroethene), PTFE, frequently sold under rJie trade 1 
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Iodine DeflcU* iwy ™ “ 
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FLUORIDE TOXICITY 





nuoride toxicity or fluoride poisoning 
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(3) What l« golfer? 

The term goiter refers to the abr.orn - a; c - ■ 

in swelling in neck A goiter indicates :S ■ 

abnormally. 

It ts important to know’ that the presence c gc- ■«- c es 

malfunctioning (hypothyroidism A got ter car acso xc-r 
hormone (hyperthyroidism) or even the correct arx~r : ..t 
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Large quantities of fluorine are used to make ureniurr 

up, (s) + f» (a) -* UF * 
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- > • r •" , ,• V w,: vn - j oti'itci! ol their valence shell They lose one electron of the va|« : ... 

, s h ‘Wi 

"£ *'•»" iwj’iont positive ions 

- 1 ■'■• " ' c T,s l" :cu c'l-ct: cr.s in s-orbital of ihoir valence sh«?]L 
■ ’ ■ - cv ; , ■ •• c vCSY.vc ions M 

■■ ■: :■ . c >• c • ' : c : : ’ : o :n ir.c at h e :• a ! k a it metals. 

“v cr. , member group 2 which reacts with aJka’ics to give [hydrogen. The other members;' 
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' alkalies 
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T:\7-cHum and barium on heating give oxygen, nitrogen peroxide and : 


spe "vainc, metallic : \ ze< 


. r>c pair o: outermoei electrons that does not readily rake part in chemical combination is termed as inert 

® :e configuration of group 4 elements show that they have four electron in their valence shells 

tow c»ectrcn of which arc :r. -orbcai and the remaining two arc in p-orbitals. 

****** a« v«y reactive. Interrootecular forces in halogens increase down the group, fluorine isaaas 

out ioc :-,c is solid ' - 

5 2t S ‘ block T tals - Covalenf with p-block elements and compta 

* s 0 'b:CKk medals Frondes are usually ionic 

They show oiodafen states - 1 , +1. +3. +5. +7 but fluorine shows the oxidation state of -1 only. 

Oxidizing power of halogens decreases down the group in the follo wing order: F 2 >Cf,>Br,>l 2 

^ ° f l ° nS d6Crease fom '■ 10 Br-. Chloride and fluoride ions are not reduclants. 
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(Jr s and p-fi/ocfc Elements 


(. rtljpgv C / 1 fm fs jf j-y_- f p J<- rrrif fJciflfr ! J Pt i , r f- / if 


EXERCISE 


1' fe ^ ec * a ^we rJ rotn the choices given with each question 


i 


fj Oxides <md hydroxides of Group f elements are: 

ja) Acidic ^Alkalinef ( c ) Neutral 

rhe flame colour 0&a*umjme* a / Or its compounds Is 
(a) brightcrimson- — _ __ (b) violet golden 


(d) Amphoteric 

id) bright blue 


(d) Rb, CO, 


f[» When iodium. feu rnin air, H forms sodium : 

(a) Monoxide ('(b) Peroxide C (c) Oxide (d) Superoxide 

:Il ,jTlie corbonotes ofalkaji metals are not affected by heat except . 

14 UCOj- (b) NdjCO, 

|P ) Gr een is cha racteristij 

® c * lciu ™ (^«nuiEU (c) strontium _ id), sodium 

* c - 5lP^ ow otes,_ sulp hates and phosphates of alkaline earth metals are In titaier. 

(a) sparingly soluble— <b) soluble- ( c ) insolubte ' — 

[ciO The fir st Ionization energy is higher for the- 

(a) Alkaline earth metals (b) alkali metals (c) halogens 

i'KI) Which one of the.elqment has the maximum electron affinity? 


(c) K.COj 

£ color of 

bariuTD - (c) strontium 


(d 1 [css soluble 

(d) noble gases 


WF 




b) Cl 


(c) Br 


(d) 1 


(f*J Which pair has berth me mbers from same period nf pgrfriHte table? 

(a)Na-Ca (c) Ca-CI (d) Cl-Br 

W Melting points and Jborfmg points of alkali metals 

(a) decreases from top to~5otto ifr^ > (b) increase from top to bottom 
[chtirst increases then decreases (d) remains unchanged 

fxt) Which one of the following oxides is Amphoteric fn nature 

(a) Rubidium oxide J^bhlSariurn oxide % (c^Antimony oxide ^ [d) Sulphur oxide 

fjdiJ Q^djzitig powe r of halogen depends upon 

(aj energy of dissociation (b) electron affinity (c J heat of vaporization 

(dlJ) Which of following oxidtf is A mphoteric In nature? 

(a) MgO fib) BeO IcfCOT (d) SnO, 


;<JM of above 


(JS^BeO (Cl "CO, 

fxftsJSefeci the cOrrectfncrEasing order of atomic rudfu^P 


(a) Ne>0>S>Al (b) Ne<0>S>Al (<£ Ne_< 0<S<AI (d) NoO<S-'A! 

fxuj Due to Inert p afr effect O-vJdatfmi state is more stable than fa r Sn and P ;b) 

(b) 1+ , 4+ (c) 4 + , 2 f (cl) 2 + , 3 + 

Highest electron affinity Is shown by? 

(a)TT~ - (c) Br , (dfa, ~ 

(xvll) Which Is the strongest reducing agent? 

' (a) HF lb) HCI (&) HI (d) HBr 

fxullJJl Substance fy&itlng at higher temperature among following is? 

(a) HI QbJ HF ^ (c) HCI (d)HBr 

(Jflxj Group Vil-A elefnents are generally called ; 

(c) Inert gases 


[a) Haloggps^ (b) Noble gases 

M Tfr^t adioactlve elem ent In hfllnfl£Ji jroop hi: 

(a) Radon (b) Radium ( (c) Astatine 


U I ! Mi-tallou 


u 


n u 


nniuriL 1 



ANSWERS TO MULTPLE CHOICE QUESTIONS 

ii A ns ilia Alkaline - 

(W> Ant: (c) golden yellow 

Croup 1 elements are highly electropositive meloU. So. they 
form alkaline oxides and hydroxide, e g. N.y -0 rind Nrit H 1 

Sr u hum '.itlls >}\W Rulin' 

i Alik i 1 1 h Piirrivkili' J 

\(lv) Ll t CO* l 

V^Jium form sodium pwiwlde; L* M Na t 0 * + Na/A 

[ K '( 1 ! 1 1 > . >mp. ■ . < m i ■ n 

U a CO A — ► 1 ijt ) i i \ ). t 








SSSZl Tl nr™ -*451 


I" unturx \ tt () r h ■ 


V. * » 


.t 


T ''' ’■> ^ ' ..r t 

i Oi)d( ts d iiksr 


Ion-- ,Ktd, : ,. :c , - 
■dinu.,-^ it f(>TTri 5 NaOH 


*1 r 


- M f O 


0O.i£ll It .v:il r , 

H_j . \ sr>|u tK.j I ) l;i v £ ij [nr . 


2N*OH 


Phc#pfrca.< :> a : ■■•. 


■ 1 lA. 


** !orr aqrffc oxide , e Pjx Ui - . rt.ic , . I 

- J ‘ % 9 + I I f _, IS , , _ I \ ri > r 1 


-i 


%r ** «>iutso€i becomes c v d - <Jl-^ »r- i ‘ ' r; * ve ' : 

-■ . - L“ i J< - : Q ro forma hon 


in 


PjO. + 3HjO 


of HjPQ, 


A 


2 H,PO. 


(; 


in 




An amphcH^ 


l« r«eb ^u-h acids to term salts CS IM 

BcO + HjSO, -> BcSO, + H a O 

1? also ream with bases » fo TO ^ 

B «° + 2NaOH - NdjBeOi + H,0 













C 0 If e# ? c he mist n f r r Board Puri -It 


.„ ( ] ? 0*0 p-Sfock Elctni nis 

_**? **« °/ g»>up I arc caHed olfcall metokT 

*— * ;»Ik»ir is an Arabic word mea^ This word was used bit Arabii>i^a^ jwfc 

k s ' - .11 •• i -i -J - - i ... 


v -on, ... on were means -a*Ue.' This word was used by A^s beca • 

consisi of tfa and_K So. they called these metals as alkali metals T 
“*"* U ‘ ■ N Kb ' u ana Fr - 1 ™V F : ' - - '-^ strong alkaline solution v, SR w£ter] 


|e% #■ 


W*} all y oup 1 metals hate loir ioni ration energies? 

In any per, oc. Group 1 metals have. large: size ~ 

, - “ * 4 -r— ■) ^ a. - m . * 

... v - ■ %. r, t k 
l - . . 


_ , , ai '“£ ^icctronfigatiwi^ bo. ii is easy to -e— p r 

outermost electron. Hence, they have vety low ionization energies. That is why they readily iormz 


- ■■■>... e l, l_‘ . . : 


^JVhyd^e^ro^pj, mc !a l s shotl , strong electropositiv e ctiarnrier?" ~ ~ 

71 ’ '~ be *■*■)“> 10 - ' e electrons. Since, in any period. Group [ metals have lamer size a: 


c,t-~-.:Cj 5 a.A ..V . i-o, .7 s ,. : . p 


:c re mo 


energies an 


sr.ow e. 




^ ‘he:r o ; : : e n t • o st e : e ; : no n . H e nee. : r . c 


cy nave ven, 


icmzatio: 


.ectrcpostttve cnaracter. In Group | metals, t he clectropositivin. increases dour. :~e 


;; ft'fty do gr oup l metal* Shou- strong redu 


i.~ ary period. Group 1 metals have '.aro, 


cmg properties .- 


.• ? 


£■5 v. u o r.i . e t n cy a: e e as : ly o\ I c , z e d T bus ; h c 


e .a:g&: size and .eas: e.ecnonegativnv. : nos. alkali metals can easbc loose 


V c ^ : ' ^cuce svos7 an ces anc. act as o\cc!len: reducing agents 


jfl) KTiy different cotour s ore imported by Ihe atoms of the group 1 metals to the flame? 


in rr.e:a; aiorr.s the cuter ns' elect: an is 


, . . , . . osely he.c with :hc nucleus So, it can he easily excited :c tnc 

higher energy- levels by absorbing a small amount of heat energy. When this excited electron comes back to its 


crjpr.a. position. :: gives out absorbed energy .n the form of light in visible region of the ciccnomacr.etis 
ractar.cr.s L..tteren: am. pun: c: energy is absorbed in different atoms fo: excitat on of c 'cc — 
colours are imparted by the atoms *.c the flame. 




^ elements of group 2 ore called alkaline earth metals? 


Tlwalkallne earth metals are given this name because they form alkalies' in water and are g^dii 
m 'earth* anzst. These include Be. Mg. Ca. Sr, Ba & Ra. 


3 1 Wh\: do t he group 2 eanh metals hare high melting and boiling points than alkali metals? 


Tne melting and boiling points of Group 2 elements are higher than Grouo 1 c 




■ L. . i : e 


h s because 


elements have two valence electrons. So, they form greater number of bonds than Grouc '. cicmv - 




Hoic do group 1 tnetah resemble u ith group 2 metals , 


!. Both alkali and alkaline eanh metals are s- block dei 


cmer.ts. Bet:’! n-r. e rhe:-- outemtust c 


S-orbital. 

2. Elements of both groups are highly eiectropost'ive 

3. Elements of both groups do not occur free in naiure. 

4. Hydroxides of both alkali and alkaline earth metals are strongly basic. 

5 . On heat ingin Bunsen fl am e , e S e m e n is o f b ot h g ro i : ps i ni p a :i ciu i ra : t e ,- c o . u ■ 


How do group 1 metals differ fornt group 2 metals? 


1. They have one electron in their outermost s- 1 

orbital. 

2. They have low melting points than alkaline 2 

earth metals. 

3. They have relatively larger atomic size 


The*; 


ney nave two electuuts in u:u.- outer: nest 


s*o!'biial. 


They have iGicihveiv h.: : 7 me! 


3. 


4- The alkali metals are relatively softer than 4 


They have • datively smallet atomic size 
They ate rckui', cr. harcci . 


5. They have relativ el y low v alues of ionization 1 5. They hy.y :cln:r. 


J flf, 
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, •«- v% a, *■ — — - 
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CH * l3 ' 4 and P-H^cfcil, m ,. 


lit.* 


6 . 


etiemips. 

-_j ■ 

■ heir oxi‘v< 'v -,4 u. ■ 

•■ k • Cl 1 . ... 

J A.'_t > ; J , r.' ' ■' 1r, 

;i1 naiure 

'■ They deco:n , 

v, d| ^[ ^ *1 ■ -j* 

temperas re 

R - 2Na + 2 H J° • 2 N.tOH - H 

0 Th<?,r carbonates, sidp • . and ■ ' - 

* J * ^J-tubLe .r, !■ 1 O ex cp : • j 
^ They are h •:■■.' ,v ■- ■.■ ... , 

» / - “ *■ V .. . r . . + 


<• i. ftrmrMfi Ti if-v... fJa.jr ' ;■... . , r 


-- r 


. r ' -■ 

: : ,1 v 


- . : \ L'iro\ljt’> Ji t? !t\>$ 10 ' 


» d i. Li i c, 

T’ t *' • -•■«■.■ . H 1 l' ■ »■ p. % I ■, V 

*■- ■ V.l V I . O' ‘;-t , • . t ! LC 

Mg t H O ■ MgO + H . 


heir cart»nalcs. snip es a hosphaies ar 

C % 


.i! t ’ 1 " 


.'."•.t 1 :rs r ] ^ 

1' . ■ 1 h 
. • . . • r J 4, 


t' x > k 1 ii’\ 


■ i.' 


10 Their hydroxides are -• . Ka*^ 

1 1 On healing, their nibrah j je nt) 
oxygen except ■ 

2NaNO, ■ 2NaNO, + O 

4- ^ 




t . 


. 1 -’S b j h. i 


vl? :e:n[n\-]i. 

’ - x’!*n ViJ.ro. .' ? : .’ :ni:."s gw e o\\ies 

: pe:e\xn ,v\: owpv 

2C<iiNO, )j ■ 2C.iO + -tNO, + 0, 


W O toggart. m yofflte «£ WM^cWr./^ J 
i he niefaiiic ch-iracier r :. • ,. v- - ■ > -■; ■ o 
Carbon, Silicon and Gen--,.i i.-. r 
Grey tin” or alpha-n 


* 






r.c 

"Jp r 

1 Group ' 

t c 1 1? m t 1 n 1 s 


J ] e > 


n .t 


* The 'white tan ■ t beta ■ - 


™ snows c 


o'v a’ent bondrr-q 


in is metal tie In this form atoms are he I 
packed arranger ent In dose-packing, each atom « surrounded by 
■ Lead also show? me'j'he bonding 

Thu, a clear trer d i, found down the group from the typical covaien. . 


[\ meullie bonds m n cJtxe 
' l ' n.enr neiyliboui‘5 


. .on -m t; t^ifs to tJie rnetalljid bonding in 


^ner nr trends a f arou ^r^~ 

greater shielding effect wrftesmdeafd^^ ‘ nCrcases dovg ' n the sroup due llJ ^crease number of shells 

•' ts Sr tri ** **> 

size except the F-F bond ’ H b ° nds dec ™ ses ^ >he group due to increase in atom,, 

The oxidizing power decreases down the group 


for group 7 ei C me77»7 

1 H f im u a >4 1 # i 


— — — — — — - — - r „ ^r p / eiemems/ 

Thes^mt salmon reacting with^tals, so .hey are ^. ed hajogens 7^ TJ,^ 

Other examples: KBr, NaF, LiCl. RbCI etc. 


(W) "J ^ fluOTin ‘ d, ff" - other members^* 

group? J 


Fluorine di ffers from its family members due to 

(!) Small size of F atom and F~ ion 

III) High first ionization energy and electronegativity 

f///J Low dissociation energy of F 2 molecule as compared to 

i® 2 

(lv) Valence shell restriction to an octet. 


Differences 

' l h "oZ' T T! ’ US “ Can f ™' «ffec w overU, 
. " °' Ktr B -«ment* except N, O and ,i se |f Thus . .!. 

-:um shoner and stronger bonds 

S^rh^;b aVS WrV hl9 ^ la,ti “ than other 

" 16 due !0 ,hls “ !tlat 

3 f mrt a , 1 oa and Sr are insolubk" in water 

s < « 

similar conditions a '° 9<m * reaa Ue,y siowl V ^der 
4 ' £r^e le man. Sh f F '= ™r,ci e d <o « ode, 

CF 4 . SF t etc ^ ° Ili ' LompgiJnds show men ness l- 3 

5 Due jo reslTiction to an ocr P t p c u 

state, while other h*\ l - F shows only -l oxidation 
sidles. 090115 $ how variable oxidation 


h 


k 


6 ' S00X. With n0b!e aaS£S d,redl * ,ike and Rn t 
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College Chemistry; Federal Board: Fmt-Il 


I l J: t md p-Biotk Elements 

ti j/hot Is the structure of CO, and SiO^ nd^wh^thev differ? 

, The COj exist in molecular form with weak intermoieeular forces hi 
dipole moment is zero, therefore it is a linear molecule Due to weak 
forces it exists as gas at room temperature, 


, The S10 2 is a macromolecular compound. In this silicon and oxygen — 

«**»■ !i ““" dto “* “ - »"** h- 



0 


0 


• ' I \ / X 


TJ.-r Terence in structure of Sl0 2 and CO , is due to the following tuo 

reasons 

fl) Silicon atoms are much larger in size than carbon atoms and thus tend to be a ° o ° o ° 

surrounded by more oxygen atoms. \ \ \ 

(li) Silicon from only single bond with oxygen atom; while carbon forms ^'X. ^‘N s* 

double bonds. ! ° \ 0 \ 

aoo 


jn;fO C0 2 Is a gas while SlQ 2 is a solid_gl^ough_C mrdSfjef^g to the some group? 


The C0 2 exist in molecular form with weak mtermolecuiaf forces. Its dipole moment is zero, therefore it is a 
linear molecule. Due to weak forces it exists as gas as room temperature. 

The Si0 2 is a macromolecular compound. En this silicon and oxygen atoms are linked together covalently in 
continuous chains. Thus, silicon dioxide is a non-volatile and hard solid. 


tertlJ) Expl ain why m frofes and corbonuies of D ore not stab/e? 


The nitrates and carbonates of Li are decomposed on heating, 

Li,CO a Li 3 0 + C0 2 

4LiNO a -> 2Li 2 0 + 4NO a + O, 

Li has small size. So. the gain in electrostatic attraction while converting to oxide is considerable. In case of large 
cation like K*, the gain in electrostatic attraction is relatively much less and the decomposition is difficult. 


jidifj Differentiat e the behaviour of Li rmdf Na with atmospheric oxygen. 
Lithium bums in atmospheric oxygen to form the n aim a l oxide, Li 2 0 
4L1 4' 0 2 — ► 2LlgO (Lithium oxldel 

Sodium bums in atmospheric oxygen to form the peroxide 
2Na + Oj — > Ma 2 0 2 (Sotflu-rn peroxide) 


AfkalJ met at carbonates are more soluble tha t alkaline ea rth metal carbonates , Why? 

The alkali metals cations have relatively larger ionic size than alkaline earth metals cations. Moreover, they 
have M + ions. Therefore, in carbonates, they have loose packing of ions weak forces. So their lattice energies 

are very low. Hence, they dissociates in water easily. 

That is why alkali metal carbonates are more soluble than alkaline earth metal carbonates 


Explain why Jioblfify of alkaline earth metal carbonates decrease d oun the group? 

h alkaline earth metals, the ionic size increases down the group Moreover, carbonate anion is itself a bulky 
(large) anion Generally, larger the size of ion, lesser is the hydration and solubility, So. due to difficulty in 

hydration of ions, the solubility of alkaline earth metal carbonates decreases down the group. 
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LH * I3 - s “>*d P-Mock Hemnnis 


■ 1 - .1 -f f 1 ';(■ f 1 -■ iTj' 1 r v } i ' r i fi-fh r ij i' 


Ixtrfl) OjrfdWno power nfF • ' ' r - 

- — ; ~ P - — 2l±tl s grea te r th an f ; . Why? 

It is due to three reasons. ; 

_ °' Sb0C,a ticn energy of fluorine is quite low. so it will dissociates rapidly ro -a, •- up r; ■ 

6 e ^ C * TOrl a{fini V or 1“ > s greater than 1. so it will take up electron more readily. 


The F ion has high hydration energy due to small size, so it will form readily in solut o 
mam factor 


I'TuHly 


It TTieans that fluorine will take up electrons readily ro form F“ Ions than iodine. Hence, huori: 
stronger oxidizing agent than iodine, 


^ acid tha n HI. Why? 


Thus. 


In HF, molecules are Hydrangen-bonded in a zigzag manner, 
n-atom Is entrapped between two F atoms as shown in the fig. 

Moreover, the bond energy of H-F bond is considerably greater than H-i 
bond. Thus, HF cannot donate its H * ions easily, hence it is a weaker acid. 


n y : U o q on frond ^ 


v F 

6 h -- J ■;> ■ 

M H 


? 6 


% 

7 


(xxiv)On what factors dues the oxidizing power of h alogens depend? 

Following factors affect oxidizing power 

W Energy of dissociation (b) Electron affinities of atoms <c) Hydration energy of ion 


u ^ , , 'W J lyuicAiivu ltd-yy ui Lons 

» ss~ ! * - - 

hj .> Cl 2 > Br 2 > I 2 (weakest oxidizing agents). 




9 questions 


. 


members of the group, ^nc^d 'and f-orbitals' have^oo' 0 Hi th ® d_ ° rbitals and f -orbitals in lower 

electron effectively. He^ce, the paSern becomes tguto " S ^ S ° ^ «**<■ the valence 


it 


Meltin g and Boiling points: 

iTcrZ\ b fdVT l0r3e ‘ V Up ° n the ***« -f ^ents ' 

e-g. Uroup 1 and 2 elements exist as metallic cn;^k Thi,c m i,. 

and 2 elements decrease from top to bottom due to in™, 0 meitln 9 points and boiling points of group 1 
weaker forces than smaller size atoms, ° ,n s “- '* « because larger size atoms hi™ 

increase from top to bottom. It is because molecular size in™ l & ’ ™ itm9 P oints and boiling points 
greater polarizability, therefore, these have stronger intermolecX tT La ' 9er mokHmius have 

p ° in,i d °"> ,h * *»*- ^u. p.n™ me ,„ ng md toi “" s 


jb ® ^!S_L^ ln creaks .n group nnd dec 


^ _ “ — period. 

The number o shells in all the elements of a given periods rem^T^7~ t 

* 1 he value 01 effecti ve nuclear charge, increases from left to right due tn 

. The increased effective nuclear charge pulls the electron cloud of ri . • 1,Un ' bt ’ rot P rok, ' ls 

the size of the atoms and ions goes on decreasing from left to right ^ 1U, ' I,GI ' to tllc ^udeus and thus 

i he? afomte tadius Increases down the orn in fmm litk;, + . , 

So> the atomic vo!ume in ™- Henc ^ ^; t ; he 9r °^ ° j 
u ceiLbiuu], lon s/ increases from litNuiti 


Ik 





ISO - y. 







s a pd p-f$tock Elements 


ili 


'describe the trends In reaction of period 3 elements telf/i weter, 

C ' See Page " 


Cctflejc Cfii'nifslrji: Federal f)™rd' Port-Il 


V, Ffre nteftinS 1 and boiling pints of the elements increase from left to right up to the middie in period 3 
^ exits and decrease onuqrd, IVfry? 

^pl^euss the metallic oxides and silicon dioxide under the foll owl rig h e ad i n gs: 

Structures 

Metallic oxides- Sodium, magnesium and aluminium oxides structure diagram is same as sodium chloride, 

Silicon dioxide: Crystalline silicon has the same structure as diamond. In this 
structure atoms of both silicon and, oxygen are present. 

In Si0 2 , each silicon atom is bridged to its neighbouring silicon by an oxygen 

atom. 

<b) Melting and Boiling points 

Metallic oxides and silicon dioxide have giant structures. 1 bus ‘ have high 
melting and boiling points. It is because a lot os energy is needed to break 
the strong bonds {ionic or covalent) operating in three dimensions. 

Metallic oxides: Metallic oxides are ionic in nature. They cannot conduct electricity in solid stale beta st 
there are no free ions or electrons in solid state. 

However, the ionic oxides can conduct electricity in molten state, It is because free ions are present in 
molten state, These ions show movement towards the electrodes where they discharge themselves. 

■Silicon dioxide; In SiO„ all four electrons of Si are used in forming covalent bonds. I fence, there are no iiee 
ions or electrons in Si0 2 so it will not conduct electricity. 



Discuss oefd-base beh avio u r of _ 

(!) Aluminium oxide 

It is an amphoteric oxide, It gives reactions as both a base and an acid. 

Aluminium oxide will react with hot dilute hydrochloric acid to give alum, mum chlonu: solu ion. 

a] q ± 6HCI 2A1C1 3 + 3H 2 0 

W»h hoi. conUr.ted so*” hyaoxkk solo, ion, Mk. oxido .0 . «•— « >*” ol ‘ 

odium tetrahy droxoal u m in ate 

AljOa + 2NaOH + 3H 2 0 2NaAl(OH) 4 

“ " Phasic oxides. It reacts with water to give the sodmrn hydroxide. 

m n + H O -> 2NaOH 

It reacts wrth dilute hydrochloric acid to give colourless sodium chloride Elution 

Na 2 0 + 2HC1 -» 2NaCl + H 2 0 

> M ere ~ 

» How ^ 

m Why I. Berym*'" Sopositive than Us family member. So. it does not lose its 

Beryllium is more electronegajve and^ss^^ ^ )Q , m , lt wi n share us electrons with 

electron readily. Hence, t wi _ ^ wiN be covalent in nature. 

chlorine to form Beryllium cmo. 1 • • 
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(u) (q) ^ — — E9V Ct$eg€ £bmmlgtrp: federal Board: Part^ij 

The peroxide jj ™. hea ting in oxygen? | 

density. Sex when they com T C0V ^ eri ^ ^ond between two oxygen atoms. Small size metal ions have high charge 
Be" 2 . Mg 42 havt- ■'iiqh h- -** ^ oser peroxide ion. they polarize it so much that peroxide ion is broken, e g. Li* 
larger atom ; c sij.j 1 " ■ s Ct n:>L ^‘ ^ uc t0 smaller size so they cannot form peroxides The metals which have 
ave C:iar 3 e density, so they can form peroxides, e.g. NaT Ba + * 

To ioiTn^r e * Cr,,eft(s /° rm nitrides on heating in air? 

convert ^ rmriClL> ' enGT 3V ls 9 'ven for two puiposes. i.e to form M'* ior. and :.it) to break and 

hence devrlon eLU e m *° mtr ^ e ion tN 3- ). Since, M* 2 ions are small size so they have high charge density and 

~ Zn'L 5 f nS atocUons *» Therefore a lot of energy « released as lattice energy. As a result, the 

’ becomes eneroeticX Z't ^ ?? fn P® nsat . ea b > lhe release of energy during lattice formation. Hence, the reaction 
9 “ ^'-ournoLe. T he re lore, group 2 elements form nitrides. Similarly Li also form nitride. 

(cl Discuss the trend In solubility of hydroxide of group 2 elements. 

e solubility o- Group 2 hydroxides increases down the group as shown be the solubility products. 

Be(0H) * = 1-6 x 10“* fc MgjOHJj = 8.9 x 10‘ 12 


Cai.OHij = 1.3 x 10'“ SrfOHlj = 3 2 x ICH 

Thus. Be( OH. j and MglOHIj arc almost insoluble in H O. 

The hydroxides of other metaEs are slightly soluble. 
h is because, huice energy decreases down the group due to increase m size 


Ba,OH , = 5.4 x 10’ 2 


m Discuss the tr ends J,, ther m al s toblluy of t/le corbon ^ ^ ~ ~ ~ 

Group 1 compounds are more stable to heat than the corresponding com'^unT i,^ ra up 2 
t he !i, h, um compounds behave similarly to Group 2 compounds, 
ne rest of Group 1 behave similarly but in a different way than Group 2 
• The carbonates (M ; C0 3 ) are highly stable to heat 

: Char6Cter fr0m U t0 ^ ,he ^ these salts increases. 

X; z zr 3 to the co ^ pond,n9 ni,rite and °* 

' Juno, 0 ’ ** c0 " es ” nd '"“ <-*• 

i mEFFECT QF HEAT ON THE GROUP 2 CARBONATES 

■ : -ta- -«»»«» h..,^ m , aK „ mperalure 

ratu 3 CO 2 + MO 

T ^».k,« of m. d .c™ PMi , to „ temBeWure , lh 

B^O, . 25 c. Mgco, . 540-C. CCO ^ S ' Ve " 

SCO, - 1290 c. BaC 0 3 . 136 0 C ' - 

mr gftcr o “ ti r °5 %£ ^ w 

• * Cmp 2 undew lhM dear]Wm m 

T , ■ cixiae, nitrogen dioxide ana 

» I he nitrates are white solids and *i~ . , 

given off together with oxygen. “° d “ ^ ^ite solids. Brown nitrogen d,ox,de 


2 M(N0 3 ) 2!tJ 


2 MO,„ + 4NOj, . + o 


gas i5 
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^ [3: si oih( p- Won’t Ot?menls 

Expiate uiifh examples that Beryllium hydroxide In Amphoteric? 

An amphoteric oxide showy both acidic and basic properties p.g, fV( i 
it reacts with acids to form salts 

BeO + H 2 $0 t -* BgSO, + H : ,0 

Et also reacts with bases to form salts 

BeO -F 2N.iOH -> Na 2 Be0 2 + H,0 


f 'tHt [fr { 7tr ■mt'>tT V - ( r #fp-pr.r JU,*rr*t Pnttlf 


X 


l 

V,-)' \ 

1 

t , ( V 


/ 






Vo 


Vo 


v •„ V ' \ i a . ■ ' 

■\> ■ \\ v { ■ \\ 


V n 


l -j 


jyililE xplain th e tr ends fri ox idation staffs ti : r I surOiMr; cv«m;j/t l s, 

" See Page 38 ~f 
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(lx) Dtscuss the inerf pnir effect in the: \ ■ 

(a) formation of ionic bonds (b) formation of covalent bonds ^ ^ cV> > >CV'C- \2. 

i’x) Discuss fn fff toil odd-fjose trend in Qrcjtij? 4 oxides 

' — ICCTSr -igjivt o: ^ -V rr-rr-. 


See F ogg 43 


id) Explain in detail the trends lit .group 7 of following physical properties. 
f a) Elect r onegat ivity (b) Electron affinity 

See Page 45 <P* 
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fxiij (ft) Why Is the bond enthalpy of F-l : (ess as compared lo and Br-Br? 


It is due to very small i : F bond length than other X X bond lengths. So due to short distance, the F atoms in 
F a molecule repel each other and thus the dissociation of F 2 molecule into F atoms becomes easy. 

X-X bond in C! 2 and Br 2 molecules is stronger than F-F bond in Y z molecule, ft is due to the possibility of 
the formation of multiple bonds in X-X bond with d- orbitals. 

Hence bond enthalpy of F-F bond is less as compared to Cl-Cl and Br-Br bonds. 


(b) EA'pfofin the order F>Cf>J3r>f Ujftb respect to oxidizing agent power 

The oxidizing power of halogens depends upon dissociation energy, electron affinity and hydration energy. The 
net energy released from all these process decreases down the group. Thus, formation of F” ion releases most 
energy while formation of l” ion releases least energy. It means that fluorine will take up electrons readily to form F 
ions. Thus, F 2 will have highest oxidizing power among halogens. Similarly, [ 2 will have least oxidizing power 
among halogens. 

Hence, the order of oxidizing power is F z > Cl* > Bty > L oxidizing <i S cniai. 


{xlU)(a) Why is fluorine much stronge r o xidizi ng ag ent than chlorine? 
It is because. _r 


yij 


1 


The^bnd^issodat io 1 1 energy fluorine is quite low, so it wi ll dissociates rapidly to take up electron . 

* The o t her ' f at tQr_ is h yd ra ti orTeTtergy . The P ion fog _ high h yd ratio n encig^^^toj^ll^sizgsso it will 
Xr^form readilyHn solution, Thus fluorine will take up electrons readily to form F‘ ions than chlorine. Hence. 
ruoiTnels a much stronger oxidizing agent than chlorine 

v\ vr - ^ V-, c \ \ c ■ o o- v 

lb) HC1 strema acid as compared to HF. Why? \\ \ 

In HF molecules are Hydronge -bonded in a zigzag manner. Inus. H ^ entrapped between two r atoms as 

Sffi intet Moreover, the bond energy of H-F bond is considerably greater than H ! bond. Thus, HF 
Cannot donate its H + ions easily, hence it is a weaker acid. ^ ^ 
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TEST YOUR SKILLS 


OBJECTIVE 


T ( "«e: 25 Min„ tes 
Nate: Cver wtiIitio. cutl[n 

^ o flroup (he {jtf.t i " ”'‘ l "- ' : " :J ? er - Cii result .n toss of marks. 

P «Io mif rod, us J„ creose dlJe 5 , ncrfrfl5e o/ 

sheik rij, , , 

GreTn s t 7 Photon shells 

/„ . * char «c, eristic fl ame co(our o/ 

'■ ,LJ ri Cctlciurn r . 

/j-e: v T - i Dj nanum 

e a ^e co/our o/ sodf Um melof or fi S compounds fs 

bright crimson 


Colley OwntJlry. Federal n oard; j. 

m 


Marfct 


(if) 


Miirk^; 17 


fit) 


(C) neutron shells 
{C) strontium 

■ Cl golden yellow 
(C) coraient 


fad 


(D) neucieu*. 

(Dt sodium 
(D.) bright blue 
(DJ none of thest 
:'H: NaHSO 

. i 

(D) both a and b 
(D) s u peroxide 
■tDj C I , 

(D) none -A these 


<B) violet 

f “ e SmQtI si « io n , (he o.,fde o/iJeO j» 

7l h : 0n :; (Bj coordinate 

A \ J° Ufa!r ’ V SOlUb ’ e «-»"9 u>«h II ic s « e so(u , fn „ of 

, ,J fBfhl^SOj (OH SO 

(vi) is — 3 n ^ ( 

. ... ^ A > Awptmf«.,lr ovidr (B) Add oxide iCI basic oxide 

pro vides o/ n/(ta(( metals on reoclion teitfc ice cold water produce 

Mm H ( LCT' n:<ldP IB) metal hydroxide (C) mBta | 

ri Hfjfiesl efcctroit ojfff « //>■ is shown by 

{A1 Fj < B ) U f C I R r 

M ^ duc,n ^P°^ oj halide lone ficn, f for Br * 

% nfl e„, s b (C1 remam ^ 

m f" T ‘«dpLm ™JpLl*«te S IflaL , :D C ' 2 > ^ 

(A) Span ngjy Soluble tr>i , . , 5 ore "* in water 

{xfl) Lead (II) chloride FbCl d h 
(A) white 

hxiil) Ge** compounds arc 

^Jgtducii^jleUts (B) Oxidizing agents 

b °‘“ nS Msher am ong fa Hawing Is 

<XV> ™' «££ Increase^ 

W ton t^bntton> f0l , 

i Pi U^J boltoni 3o ton 

« £ iSKit,""* *- 

i4L_ LisCOj (b, Na ( i “' cef ’' 

(XVm Th * I« Aalogen ^7^ (C) 

IA) fed011 (B) Radium 


(B) 5oJub)e 
(BJ liquid 


(C) insdubJe 
(C) vobtle compound 
1C) both a and b 
(C) HCJ 


ini 


less sr i ubfq 
ID.-' both b and c 
(D) none of these 
(D) H3l 


Time; 2; 35 Hours 


1C} Astatinp 

su&iEcnvjF 


ID) Rb-CO;. 
(D) Bromine 


Toia! Msirks Section B ; m d C: 6S 


<32. Attempt any FOURTEEN parts The 42) 114 x a B as, 

«> «i P ,7 .o S lioes . 

« sx, *. „ tlM ol M , r w “*• - — - ► b* *. p.o. ,. 


in) 


(iit) 

flv) 


(wi> 

(vri) 


ili n k ‘ J 3 w »fl C 

b) Draw the stniciure of orJ ho siicic acid. 

L iscuss (he metallic and non - metallic ch-u a i t 
* Jou ' hydrolysis oi fefrahalldes takes p| ace L ^ ° sroLtp ^ Aments. 

C02 « a gas while SiG2 is a .olid although C and Si h >1 
Hr is 2i weak acid than HI. Why. " d b befon 5 fo the 

la) Show Ihe amphoteric nature of ReQ 

(b.) Write down the names of nrrvf 

Pr0dUU !oi ™ ad ^ S,CI. react wjth 


same group. 
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^ 0 jj j flnJ jj-HlocJt, Ek-menU 

l^i The oxiddmg po wer of F :5 greater than Cl_ Why? 


Coflrg* C?'e -siiNir .■■ Fcdivd lh>T.ird Part N 
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\ 

till 


Discuss ihe g*"*?ral group frends of group f elements. 

How MacH react with HjPG.? 

Discuss the behaviour of A! Cl, 

cm i & F ; ain why nttra'es and carbonates of Li are not stable. 

Jcjlj Differentiate the behaviour of Li and Na with amphoteric oxygen. 

Explain why salability of alkaline earth metal carbonates decrease down the groups 
' ,j Why do the group 1 metals show strong electropositive character, 

ivfi why normal oxides of alkali metals are not fanned by. the direct combination of nietui and U, 

Explain the ftend of density in alkali metals. 

Tfvlitl On what factors does the oxidizing power of halogen depends. 

ijj*) Why different colours are imparted by the atoms of the group & melals to i:re flame 


(03) 

im 

m) 

103: 

1,03] 

(03) 

(03) 

(03) 

l03) 

(03) 

(03) 

1 03) 


Stclion - C 


]Stot«; Attempt any TWO questions. All questions carry equal marks. \2 *13-26 

Ql- 


Discuss the metallic oxides and silicon dioxide under the following nwsdLrujs 

fa) Structures, 


/ .A!- 



Q2. 


^ •’ • - f’ .- 

I V ‘ X 1 

...,-\o X V'-A 


01' 
05) 
nl 
:03j 
1 13, 


/E£ 

A. 


Q3 


lb) Hefting and BoilingPoints 
(c) Electrical conductivity. 

fa) Why is fluorine much stronger oxidizing agent I him ch.arine 

(b) HCS is strong acid as compared to 1 if Why 

(c) Explain the trends in detail of group l 

(j) Electro ngtivity X\ \\ Y 1 

[ii) Electron af fid ty ,. L r , lt ;rv ■ 

(a) The pattern of first ionisation energy and melting and ixahng poir.i is not «*"*■> " 

(b) Why atomic radius increases in group and decreases along the peno cl. / ^ 

(c) Describe the frends in reaction of period 3 dements with water. J 

(d) Why Beryhluum chloride covalent and not ionic. \ . , , \ 
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d and f- Block Elements: 


TRANSITION ELEMENTS 


-C 

sa 
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| «..-.rV»,V. i,v WJij^.vi | || ( - 


\ / • \J ' 1 ■, /j . r„v : . ri . : 


t — t i_ : j j 

.nifxjn ^ihiikj fiHKHI 
Irryiirmy in mvji .-■ 
tnn/ther, P i’jxj , i'iT ,1 ,{,\ reusin'' 


introduction 


£>e/lnltforr 


states | ^ aue partially filled d or f-orhital either m their atomic states or in other common oxidating 

Mates are called transition elements r 

They are called d -block or f -block elements. 

d-biock e lements are called outer transition elements and (-block elements are called inner Iransition elements 


Why are they called tr ansition elements? 


They are called transition elements because they show transition in properties between s- and p-block elements 
us ere is a transition between highly reactive and strongly electropositive elements of s-block which brrr 
ionic bonds on one side and p-block elements which form covalent compounds on other side. 


Series o/Triinsltton Elements : 


The d-bfoefe elements consist o//o(foiuing three series often elements each: " " 

(1) 3<t-Serles: From Scandium [Sc=21] to 2mc (2n=30) 

(2) 4d-SeHes: From Yttrium (Y=39) to Cadmium (Cd = 48j 

f3J 5d ‘ SfirieS; Fr ° m Unthanum < U = 5? ) ‘O Mercury (Hg = 80> [henthanide series < rare - M exM ) 


The f-bbek elements constitute two series which ore. 

(1) 4f.Se rtes. From Cerium (Ce = 58) to Lutetium (Lu = 71; 

f2J Scenes: From Actinium (Ac = 89) to Lawrentium (Lr = 103) which are called actinides. 


Genergf outermost configurations: 


(1) d-block element = (n-^d 1 10 ns 2 

(2) f-block elements = (n-l)d 1 (n-2)f 1-14 ns 2 



Remember! 

The electronic configuration of 25 Mn is 

f n .”i ■ a .1. P I I II _ j "1 


So. the valence subshell is 4 s 2 i.e. ns 2 , thin d-Lbsti e // *i 5 3d s ^ Y t'S °r l5 * ^ 2p ‘ 3s " 3d s 4s 2 

than the s-subshell. So, the general configuration b („./ W ,-5 n^Ttre'd 1 '- ofd -* Mr « number 

Similarly, ferj-bhek, the d-subshell is one numberless but ,»» r * L . . ,, means 1 to 10 electrons may be present. 
Thu^JheirgeneraU^ is (n-l)d' (n-2]( 1,14 ns 8 ‘ J * !U, ° ft 'ss than the s-subsfielf. 


Wb V Is Zn-group Included In Iransi tUm^^.^XX 


Zn ' Cd and Hg are not regarded as transition elements bera.. M tb^TT — . 

they are included in transition elements because they form comp e ^ d 0rbit ^ H^eveT 

their chemical behaviors is similar to transition elements. " h a,lnmorll «- halide ions and amines and 


C oinage metals Irrrnsftto^m e^te^ Ihe statement. 


Coinage metals are Cu, Aq Au. Thev arp tranciti^ — T“ “ “ — — — — 

and Au* + has 5d* configurations. Although all these metals^ve d ^"cnnfig u ration j 3 A?' has a 4d* 
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^ J 4 . rfdnrf /■flfrJtrfc EfcmmCjt; Tmns/ffon f se 

a/ d-Wock elements in the periodic table || 

^jjou/ing diagram show the position of d -block elements in the v;r 
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- d-RUick elements - 
(Transition elernenis) 


■n[ w-h[<j i ; v &> a : : 


«■ ■ * 

y * * * * h 

. ..- — 


I h Lilly 
reuttivc 
m£(a)s and 
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compounds 
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Show intermediate properties 
between s- and p-biock 
eiemcnls 
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Position of deblock elements in Site periods 1 *jL- 


Ej&rd$eQ3tf)( b) What are typical and non-typical transition elements? 


ae^n = 

4s 2 3d I<> 

IE 

o 

tfl 

«Cd = 

5s 2 4d !0 

■■D 

< 

II 

= 

6s 2 5d 10 

j T La - 


Typical and non-Typfca/ Transition Elements; 

The dements of the group SUB and Itl-B have die electronic cij.rihu:: :r. 

ii-B nt-B 

, .4s 2 3d' 

„*5s J 4d 1 
,.6s 2 5d : 

It is dear that the dements of ! t-B i.e. Zn, Cd and Hg do no: hove Re- 
state or ionic state, They do not show the typical proper*: js a: 

exient. 

The elements of the group JII-B are 21 Sc. 31 Y and s ?La. . free d o " : = 
transition elements. In the compound state, they show m-pev.v. o 
they do not have any electron in d- orbital. 

For these reasons, the elements of group ii-B and J IS- B arc r. on 


: o.,c 
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.h :r 
tv « 


Non -Typical Transition Elements 


II-B and tll-B 


IV- B. V 3 V: B 


GENERAL FEATURES 


general features of transition f.lem 


They are all metallic in nature, 

<Z) Some of the transition elements play an important role in the 

W t Zr, Nb, Ta and Th etc. 

13/ They are all hard and' strong metal with high melting and boiling ;v ■ 

electricity. 

Ml They form alloys with one another and other elements of pen 
Ml With s few exceptions, they show variable oxidation states 
Ml Their .on, and compounds are colored in the solid state and r:v - : 
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QUICK QUIZ-1 




( 1 ) Gloe the electronic configuration of the elements of first transition series. 

First Transition series is 3d -series. It includes 10 element from 2 iSc to - w -■'■ 

(The electronic con/igu ration is gicen be o r cr rbe ’:a; nage 


f2) Write the general state electronic configuration (s. p. d.f) of the elements of the first transition senes 7 £j 
to 30) Indicating the number of unpaired electrons in each case. 

The general state electronic configuration is (n-l!d 110 ns 2 . The individual electronic configuration of elements are: 
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(3) Give the names, symbols and electronic con/tguraffun of the elements of second transition series. 

The second transition series is 4d-senes, it includes 10 elements from 39 Y to J 9 Cc, The electronic eon figuration 
of 4-d series elements is: 


4d-Series Transition Elements 

Elements 


■ 

Symbol 

Name 

Electronic configuration 

»Y 

Yttrium 

ls J 2s 1 2p 6 3s ! 3p 6 4s 2 3d 10 4a b 5s ! 4d‘ 

4qZi 

Zirconium 

Is 2 2s 1 2p 6 3s 2 3p 6 4s 2 3d ll> 4p 6 5s 2 4d 2 

4] Nb 

Niobium 

Is 2 2s 2 2p 6 3s 2 3p‘ 4s 2 3d 1 ® 4 P 6 5s 2 4d 3 

12^0 

Molybdenum 

Is 2 2s 2 2p 6 3s 2 3p 6 4s 2 3d ,n 4p‘ 5s 1 4d 3 

fl5 Tc 

TechnUium 

Is 2 2s 2 2p‘ 3s 2 3p 6 4s 2 3d 1 ® 4p 6 5s 2 4d 5 

44 Ru 

Ruthenium 

Is 2 2s 2 2p‘ 3s 2 3p® 4s 2 3d 10 4p® 5s 2 4d 6 

4S Rh 

Rhodium 

r is 2 2s 2 2p* 3s 2 3p® 4s 2 3d'® 4p® 5s 2 4d 7 

4,Pd 

Palladium 

Is 2 2s 2 2p 6 3s ! 3p‘ 4s 2 3d 1 ® 4n 6 5s 2 4d s 

47^9 

Argentum (Silver} 

Is 1 2s z 2p b 3s 2 3p* 4s 2 3d 10 4 P 6 f ls t uh 10 

4«Cd 

Cadmium 

Is 1 2s 2 2p® 3s 2 3p b 4s 2 3d 10 4p‘ 5s 2 4d 10 


(4) Discuss the trends and variation In oxidation states (valency) of transition metal* 
See Page 70 


(S) Explain the magnetic properties of transition metafe. 
See Page 71 


(6) What do you understand by diamagnetism and paramagnetism 
See Page 71 
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Is 2s 1 V 3s 1 V 4s" 3d' w 3<XXr,’<> 

l S ; 2S 3 2p 6 3s l 3p* 4 S « 3d^3d' t X, 

Is* 2s* 2p* 3s‘ 3p‘ 4s 1 ' 3d „ 3d\ 3d’, 3d'7 >2 3<t". ; 

ls : 2s* 2p 5 3s : 3p e 4s' 3d 3d vj 3d : 3d 1 . , 3d' - 

Is 3 2s J 2p 4 3 s* 3p‘ 4s" 3d’ 3d 1 3d' 3d' - 3d f - 

'* J 2* S V 3s’ 3p‘ 4s” 3d«. 3d\ 3$ 
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Sc (Ar) 
Ti (Ar) 
V (Ar) 
Cr (Ar) 
Mn (Ar) 
Fo (Ar) 
Co (Ar) 
Ni (Ar) 
Cu (Ar) 
Zn (Ar) 
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ECTROMC DISTR/BUT/ON OF 4d AND Sd-SERIES 


f* The following table shows the electronic distribution of 4d and Sd-block memer-s 
The elements of the group number Vl-B, i.e Cr group shows the same ahnomna 
Similarly, the elements of the group l- B that is Cu- family also show: the abnormal dis:* .but. or: 
Following table shows the electronic distribution of 3d, 4d. 5d series 
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3d-block elements 

4d-block elements 

— - 

Elements 

Electronic 

configuration 

Elements 

Electronic 

configuration 


5 d -block elements 


Elements 




Sc (21) 

[Ar] 3d'4s :i 

Y (39) ! 

r . ... ■ - j 

[Kr] 4d l 5s' 

1 ..a {57 

• Xi' ■ ■ u > " 

Ti (22) 

[Ar] 3d"4s" 

Zr (40) 

l Kr] 4d '5-.' 

■■■ — 1 

Hf (72) 

,\c 7 ;v 

V (23) 

(Ar) 3d 3 4s : ' 

Nb (41) 

[Kr) 4d‘5s 

T -T 1 . 

i , 1 ; .■ 0 

, \e 7 't's 

Cr (24) 

[Ar] 3d '4s' 

1 ii‘ ri ‘ 

Mo (42) 

[Kt) 4d W 

u . ;■ 

. \e -7 

Mn (25) 

[Ar] 3d"4s 2 

Te (43) 

[Kr] 4d ;>!. 

l C r . ; > ' 

:Xe' 7 \N' ^ 

Fe (26) 

[Ar) 3d 1(, 4s 2 

Ru (44) 

[Kr] 4l) 

1 i ( •' 

Ye’ i: 

Co (27) 

[Ar) 3d 7 4s 2 

Rh (4b; 

[Kr| 4d’'f)s 

] t 

Ar' 7 .v 

Ni (28) 

[Ar] 3d*4s 2 
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\ [Kt ] Id 

I***- 1 ’ 1 
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\r ; ■. ,■ 
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[Ar] 3d ,u 4s ! 
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Cd (48) 

r - 'ft 

[Kr| 4(1' ';)*. 

t lit i.SU 

i\c' !' 


.-,p . ■ 

' fir : -■ 




p*"*# 

k^itt I ^ 


MlMpl 4Uf 


14 T'? T 


■ 5 - • r-ti \ , ■- • [ 


V K ; * Ivi;’ 


u f. ‘ r 


- 8 . i 1 . 


... 


■': 4, . .dr 


■pyipiip \\ijr- 

K.f ( V ‘ 




WWW. top 











m w 


yn < . • - . ■ v 

- • / ■ • 


. * * 






TOP 





TO 

v 1-^ -.- (-V-, . - V, ,__ n%-48 -S- 

Li v Hi-- ^h.lTL-i , e Atortrt Fn' gtejii's \ 

- ■ ••'••;. ■ ’.V-V ,~- ■ 


«r •' 


Ku 




... . . - •■‘*‘‘|T -“■• - 

■ • - . . — . .. . ■• - "., r -■ - ■ - - f r.- 

•-■r* TJ . r . ■ • -VI 


V~ 





CH *■ H- 4 «nd /-Block Eta,„ llv 7> oos ; Iiol , £fenIenlJ JTJ 

j T— ■ — — - — — “ 

^or till" is the valence sited configuration of transition elements? 

tiboue * Holc does it affect the following properties? 

— ■ — ^ | jff jjl»di»g energy ffiJ Paramagnetism ( its ) oxidation states 
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INDING ENERQ 
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Period 4 
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The mechanical properties of transition elements are relarcct with the binding energies 
Transition elements are tough, malleable and ductile. 

The toughness oj the metals is due to greater binding energies. 

It is because the s-electron of outermost shell takes part in — 
chemical bond mg. However, ^he electrons of half- filled 
d- orbitals also participate in bonding. So. they have greater 
binding energies and toughness. 

V/oriotion In binding energies' 

* The number of unpaired electrons increases up to group 
V-B from left ro she right in any d -block series i.e., up to £ 30 
V family (group V-B or group 5) or Cr family (group VI- B 
or group 6). 

* After that the pairing of electron starts 

* The unpaired electrons become zero at group tl-B. 

* It means that binding forces go on increasing up to Cr and 
then decrease after that. This is shown for the elements of 
3d and 5d series in the figure. 
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QuldcQukJJ^; Discuss the trends and variation ln oxtd^U>~n states (valency) o/ trails, I, on metals. 


VARIABLE OXIDATION STATES 


Transition elements are electropositive, so they have positive oxidation states 

JS2K5KE3E *“ 01 +2 in «“*» ,o hi *» «— — 

Trs mn elements .how voluble oxidMcn .states , The reason is that they have d-electrons in adc — 
s-electron for bond formation. These elements have several (n-1) d and ns elections The enerai- oV - ■ 
and ns orb'tals are very close to each other. The (n-1) d electrons are as easily lost as ns electrons ' ' 
n the highest oxidation states of first five elements, all s and d-electrons are used for bonding 
Among the 3d senes, Mn has maximum oxidation slates, and goes up to + 7, 

The oxidation numbers +2 and +3 are more common 
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^Qjt-1 ^'- Evploin rhe mo^fneiic propert/es o/translifn-n nututs 
ftuiz-1 6?: Whet do you uaderntaud by diamagnetism and oaran 



fiorrtmtiqppfjvoi 




€tism 



compounds attracted Into the magnetic field are called paramagnetic and tin* ; > £ 

| t^nv transition elements and their compounds are paramagnetic 
:s^eg n ensm is due to the unpaired electrons present in. the metals and i: * 

'es Mn* 2 Fe* 2 ere. 


[f ROP 


i f* -i 


e*Pi/n 


JJ& compounds u-hlch are slightly repetted by mognetre field are called diamagnetic and the ph ■ •■•■■■ ■ 

.j/ted tffflmognetism. 

$pme substances in which even number of electrons arc present, and have ; - lired ■ ire . 

Ififfnphi dL Zn 2 , Sc 5 etc. 


agnethm 

Jhe substances which con he magtietized are catted ferromagnetic and the phctianienofi 

magnetism. 

W I e g.. Fe. Co and Ni are ferromagnetic. 


elec 


mile moment 

'The magnetic moment (p) is related to the number of unpaired electrons (n) by the equate 


p ijn { n i 2) . where n ~ number of unpaired electrons in a substance 


It s measured in Bohr magneton. Its symbol is pe- 

By measuring magnetic moment, the nature of transition metal compound an 

metal can be calculated* 


state 


addition -''furcto Q.'Mb fc) Explain catalytic Activity of tr ansiti on eleme nt s. 
•. oi ■;» r ' 


VrA/.YT/C AC7W/ 


lecaustf 


of the irattMUIon element# arc used as catalysts. The compounds of transition mm!s 

nriolyiti. 

Fs due lo following reasons 

The icmon is that the transition metals show variety of oxidation states In this wuy. "v c 
products with various reactants* 

[* They also form interstitial compounds which can absorb an activate to the reaehr : >> , 
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Some of the important examples of nitofyrts art' iis 
I) A mixture ol ZnO and Cr.O, is used (or the manulncture ol methyl alconol 

b Ni, P| and Nan catalysts (or the hydrogenation ol vegetable oil and saturation 

alkanes, 

°l MnO, can be used <>•, n catalyst for the decomposition ol i i«0,. 

) Ttci, is used ( 1 S rotolyst for the manufacture of plastics. 

') V,0, t» used to oxidt/e S ( \ to SO, In the manulnetuw of H.SO, 

') Fe is used os a catoM for synthesis of NH, in Habct's about r ;' ot Na * L or KjU and aU,u ‘ " 
Or Al,0, rwc .-uJvl.-d os promotnrs Mo is also sometimes used n> a pro no.o 
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L±OY FORM Ann 


y ’ y '• Tj * xtu re c : o o r m o r e ■ h ar, ?w o m eta. is. 

Transition metafs form alloys with each other. !: is because transrion elements r.i\\ a almost 

or trie G:ie — e;ai car. easily taka ::o positions in crvsia! lattice of :r.e other. Tkns. ther :orr subs* • ,jJJ ** 
auoy s among themselves. ’ "“™ * 


Example, 

(1} Alloy steels are the materials in which the iron atoms are substituted by Cr, Mn ar.d Ni. Stcc. 

properties than iron. 

(2) Brass, bronze and coinage alloys are ihe best a] levs. 


Properties: 

As alloys are prepared according to the requirements, ih?h -charac:et.s:;c^ are different. 

However, few properties are common which are as follows; 

{ I ) Alloys are c om p a ra t i ve iy ch eap . 

(2} They are strong and flexible but hard alloys can also be prepared 
(3} They have long life because they do not corrode. 

(4) They are durable. 

(5) They have high melting points. 

(0) They are better conductor but non-conductor alloys are also prepared. 
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Exercise Q3(l) (d) Write composition , properties and uses oft Brass t Bronze and Nichrome alio vs. 
KTTW - -• --- ' 


Alloys of Metals Com position Properties and Uses 


- Why 


form 

very 

oxidi 


whu 

Iris ( 


Brass 


Cu 

Zn 


60 

20 


- 80 % 
40% 


Bronze 


Nichrome 


Cu 

Sn 


90 - 95 % 
5 - 10 % 


ft is a strong alloy of copper which is soft and flexible. 

It does not corrode. 

Due to low- melting point, it is easy to use. 

It is used to make locks, keys, water taps, pipes, artificial : ew 
door h an dles an d parts o f mac him es 


SI Why 


: i£tv,; 

r i 


It is strong, brilliant and long lasting, 

It does not corrode. 

It is used to prepare medals, coins, badges and bullets etc. 
Besides jhese. decorative artic l es are al so made from this alloy 


(i) 


m 
m 


iff. used in electric heaters and filaments of f u rn ace s . 



QUICK QUIZ-2 




(1) How magnetic moment is measured 

• Theoretic ally, .he m agnetic moment (p) is related to the number of unpaired electrons <„) by the equation: 
p = v'n(n + 2) . where n = number of unpaired electrons in a substance. 

. Experimentally, the magnetic moment of compounds is generally measured by Guoy balance method 


(2) Give unit of magnetic moment 


The magnetic moment is measured in the units of Bohr Magneton. Its symbol 


“« ed 


C(jj 

Such 




■* 


is p B . 


(3) Give difference between nichrome and bronze 

Both these are alloys, 


The nichrome alloy consists of Ni = 60 %, Cr = 15 % and Fe = 25 * 
The Bornze alloy consists of Cu = 90 - 95 % an d Sn = 5 - io % 
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\ornf the catalyst use fo r 
,f! Dpcompo*ftJoij of HO 

ManganesefEV; oxtde (MnO f ) is used i 
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2 H U * O 
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fji Mattu fat taring of ( H,OH 

A m Ixhjj e of /‘ r. 0 * r. .• i C r/--, .-, .... 

ZnOO 0 


CO + 2 H 


■ rt- 


450-500 C 

200 atm 


CH--OH 




Ofl tchich facto r foJj irr fit ity energy dfp^nJs 

The binding energy depends upor T 

jnpaired electrons, greater U -he nri ig c 
electrons increases up to the n.,c:,; 
middle and then decreases onw arc 


K r 




eg 


c f *■>. ■ 

.> i i iii 


P f S t ^ 


lj 1 1 \ 2 l L L . 








IfrhV transition clement liJioii* eoriuh/r OAidntlon si.nv 
They show variable oxidat* m ire . .. ,ai - ■ - 

formation These dement.- have ^ *, era: n-3 d -r • *: 

very dose to each other The >n-l d vvctr n> ; w • . e • . 

oxidation states 
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7,1 Wftlcft property of irons (lion rfcmonl> enable them to sen e as catalyst 

It is due to following reasons 

* The reason is that the transition metals show variety of ■ : 

intermediate products until various reactants. 

* They also form interstitial compounds which can absorb an actr. v . r ■ 

IMy alloys are prepared? 

Alloys are prepared due to several desirable properties. e,g, 
j |jj Alloys are comparatively cheap, 

flij They are strong and flexible but hard alloys can also be prepared, 
fill) They have long Isle because they do not corrode 
(to) They have high melting points. 
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Those compounds conlolrt complex molecules or complex ions capable of independent existence cjr. 

d coordination compounds or complex cotnpoundsr 

Such compounds are formed by the coorduration of an electron pair donor io meta. atom or an ion. 

f Let two substances are mixed together, l e,, KCN and Fe(CN)j. 

When this mixture is evaporated, a new compound is obtained. 

This compound when dissolved in water ionizes into K and {Fe(CN)rJ - 
1 On this basis the new compounds has been given the formula hy Fe(CN)J. 

4KCN + F*{CN) 2 -* K*[Fe(CN)J 

K 4 IFe(CN)J -+ 4K + + [Fe(CN)J 4 

[Fe(CN} J^ is called complex t on. 
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^ ^ f ^ J J rl , Jpi ^ ji < |. , 

oi complex compound after Association is a solvent: 

a 1 r »nif>I..f}s cfjinp IJUn ,j 


f. r'".\ >S- i 


r' li- 


^ rrir >^iy made up of two parts 

v° ,,T ' 4 ^ r - 1,rr J f - l ' : ion or car ion 

U) ^ativeSy charged ion or aruon 

^ ,lL ^ ' J|t •■’'"■‘6 ■ K is a cation and re CN b " J .5 the an tor. 

Complex Jon g* Cation: 

In some of the complexes lire positively charged ion e complex \or 

[Cii(NH 3 ) 4 ]S 0 4 -> [Cu(NH^),r z - so 4 2 


■ rr p*n r&r ..- 


Complex ion as An/on; 

In some of the complexes the negatively charged so n : : the complex i 

K,Fe{CN) 4 -4 4K* 4- [Fe(CN) 6 r 

Cotnp sV’.v an. v 


or 
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Complex compound consist of three components 

1- A positively or negatively charged ion which is not complex. 

2. A central metal atom or ion which is consisted of transition element 

3. Electron pair donor which is negatively charged, positively charged or neutral 




W CENTRAL METAL ATOM OH IO 


A metal atom or Ion is usually a transition element, ft is surrounded by a number of ligandT. 
Examples: 

Ol in KJFe(CN) 6 J, Fe“ is the central metal ion. Six ligands (CN“ionsJ are surrounding it 
(2) In Kj[Fe(CNiJ, Fe* 3 is the central metal ion. Six ligands (CM‘ ions} are surrounding it. 

(3> ln [Cu(NHa) * 1S ° 4 ' Cu+ * is ,he central meta ' i°" Four ligands (NH 3 ions) are surrounding it. 
(4) In [AgiNH 3 )j!CI, Ag 41 is the central metal ion. Two ligands ;NH 3 ) are surrounding it. 


jggcfae Q3(il) (a) Explain differen t types of ligand with examples 


• * T _ * 
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The atom , Ion (usually onions) or neutral molecule ,„hieh ~T ~r~ 

donating the electron pair is co/led iigond. ^ h surrounds the centra/ metuf atom or ion ftj) 


Example*; 

(1) in Ki[Fe[CN) 6 ] and K 3 [Fe(CN] 6 ), CN“ is the ligand 

(2) In (Cu(NHj) 4 )S0 4 and [Ag(NH 3 ) 2 ] Cl, NH 3 is I he ligand. 


TYPES OF LIGANDS: 


Depending upon number of donatable electron pairs, fiends are of many ty^ 


fJ) Monodentate Ligands: 

"* ™ <* a** ‘son* ™y be neseketv cbe^b. „ „,rJ 


Examples: 

(1) Negatively charged ligands p, Cl', B r, I‘, OH’ CN 

(2) Neutral ligands H 2 0, NH 3 , CO 
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, T i gjffcnlflte fiffomis: 

Th 05 t? jrgomfc which have iiuo donafabie e/etfrort pairs are ca.'.ed b:dea: :;e -.■>.■> 


ard- p 3r j 


Example 

CO," 2 , 

Carbonate ion. 


so 4 2 , 

Suiphate ion. 


(COO) : ,-\ 

Ox^Trle :(:■•■: 


NH,-\K . 


H , a 1 




I 


0 

c. 


o 

-S- 
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carbonate ion 


0" 

sulphate ion 


Mi-CH -CH.-NH 

0 

i I 

c— o* 
c — o' 

0 

exs ate -or 


Jj TTJdentate ligands: 

Those ligands which have three donaiable electron pair 

Example; 

4 * H * . 

H 2 N - Ch 2 - CHj - NH - CHj - CH, - NH 2 
Dlethylene triammine 

|4) Hexodentate lioandst 

Those ligands which have six donatable electron pairs. 

Example; 

Ethylened iamenetetracetate [EOT A) 





CH ; — C 0 


N” 

-CHrCH^-N 

/ 

; — ch 2 

\ 

ch^c- 
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EDTA ° 


^[COORDINATION NUMBER OR LIGANCY 


It t* the total number of the atoms of the ligands that c an coordinate to the central metal ion. Numerically 
“ordination number represents the total number of the chemical bonds formed between the central metal ion 

^ the donor atom s of the ligands - 


““'"pies: 

(1) In KtlFetCN}*), the coordination number of Fe" z is six. 

In [Cu(NH 3 ) 4 |SO fl . the coordination number of Cu' z is four 
(3) In (AgfNHjlj), the coordination number of Ag’ is two 
M) In [Ni(CO) 4 ], the coordination number of Ni° is four 



CH * ,4:d cie menl4 .. T , 



retj]s/i/un tfifem^FTf 5 
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as 


(.'.tienihtri:: } cth r r J f i r:t „ r[ j 


e Cen *raf neutral atom 


square bra l ” ° r *° n aion 9 wit h frffand is coifed coordination sphere, Jf is usually pierced 

ets. ( may be posrt/feiy charged, negatively charged or neutral. 

Exoimpfes; 

(1) In K^IFelCNy, the ion [FeiCNjJ^ is the coordination sphere of this complex compound 
In (Cu{NHj)dSG Jtl the ion [Cu(NH a-]'" is the coordination sphere of this complex compound 
f3J Sn K 3 [Fe(CN) fi ] t the ion [FefCN)^ is the coordination sphere of this complex compound 

(4) St i tAg(NHj) a ]Ci, the ion [Ag(NH ri )]"‘ is the coordination sphere of this complex compound 

(5) in INi[CO)nh the ion [Ni(CO) fl ] is the coordination sphere of this complex compound 


(E) CHARGE ON THE COORDINATION SPHER, 


■ is the algebraic sum of charges present on the central metal torr and total charge on the ligands. 

Example: 

In Ki[Fe(CN) 6 ] the charge on the coordination sphere can be calculated as follows, 

K 4 [Fe(CN) t ] -► 4K + + [Fe(CN) 6 ] ^ 

Since charge on each ligand is = - 1 

Charge on 6CN" - - 6 

Charge on iron ~ 

So the charge on the coordination sphere - - 6^-2 — - 4 


NOMENCLATURE OF COMPLEX COMPOUNDS 


£xcr 5 J <g Q^»JJbj_D g ^ be the rules for naming ^coordination complexes with examples. 
Complex compounds are named according to following rules give by IUPAC 


(I) Order of tons: 


Cations ore named first and then the onions 

Examples: 


In K 4 I Fe(CN}fch ^ r e will call K + first and then [FefCNlJ "* ' 

In [Cu(NH s )J S 0 4h we will call [Cu(NH 3 )*] +a first and then S 0 4 -2 . 


(2) Naming of ligands: 


(i) The ligands which arc negatively charged end in O. 


eg* 



Nome 


■ram i 

> 

Ruoro 

CN- 

Cyno 

ct- 

Chloro 

CHjCOO- 

Acetate 

Br 

Bromo 

c >°c!__C~ 

Oxalate 

zzz 

lodo 




(II) Neutral ligands an: called os such. e*q. 



UfUJJV 


1 1,0 

NIL 


or Aqua 
Ammine 


CO 

NO 


Nam 


Carbonyl 

Mitrosyl 
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d ar-dpBtock E^m^nfa. rrnrijfUon IfJi-JTirnfj 

. 0 \ posit i v e iy eh a r gee 1 dipmds end m rn e g . 


* , rj ^ ...,,. r 


" -J •» J ,^T r 4 


I2JSEHB 

JViOTItf 


. Hydra^inium 

| NO^ 1 

N Ltrosybum 


NH 


Amn 




Order of ligands. 

Ail ligands are arranged alphabetic aby '■■■ ' 
not considered. 

; More than one same type of ligands 

The prefixes di for two, rri for three let' i 'or <>..ui pen 1 • 
more than one ligands, use 


1 


five n- 


Vi f r 


? Termination of name of metal 

If the complex ion is negahudy charged the” the r w t 0 e a .7 : 
e,g* In \ ■ .[FcfCN) t j, the name is polassium . . i = - ■?« 

GxfdatJon number of metal ion 

Th e oxida lion n u mbci of th e met at i o n is tc\ m < sorv-J b\ r. > irv.n 
of the metal. 


7 ,i Mare than one polydentafe figuads 

The number of polydentafe ligands is indicated by bis for two, tri- for three 


Luipi-pfest 


fc) In the /of Joining complexes, 
etuis In ate. 

Ml KJP*(CN)J 
(2) K 3 [F#(CN}J 
($) NnfMntCO)^ 

W KdPtClJ 
( 5 ) NftjfNKCNjJ 
f6) N« r [F*{CIM) s NOl 
0) tNHJJPtCU) 

0) K)(Cu(CN) 4 ) 
m iCafHtOjJ 1 * 
m IWHtQU 1 * 

Ml) NftdCoFJ 


the complex Jon has negative 11 irge. So, the name of the meted 

Pot lYSsi u in hexac y an oferrate (II) 

Potassium hexaeyanofermte ( 111 ': 

Sodium Pentacarbonylm angan ate f*l 
Potassium hexachlonopl annate (iV| 

Sodium tetracyanonickelate 
Sodium pentacyanonitrosylferrateflll 7 
Ammonium hexathloroplatinate[IV ) 

Pot^rssium tetracyanocuprate(ll ) 

H txaaquocobalt (1 \ ) ion 
Hexaquoircm(U) ion 
Sodium hexafluorocob altate (111 ' 


r 


(l>) | n the following complexes the complex Ion has positive 
lutryr So the imt»« of the metal Is called as such: 

(I) (Co(NH,)JCI 5 Hexaammtascobalt jlil) chionde 

fill [C»(F),)C 1 , Hcxafiuorocobalt (til) chloride 

(3) tCr(H, 0 ).]CU H^aaquochmmium ( 111 ) chionde 

)«) |C«(*n),t t,|CI Pith lotobist’thvViwli&nimi necoblal (1 11 1 ehlo, 

19 ) lhCKN©tMNH|U 80 , Tew^mmmechloiorutro plahwm (M mp * 


►+ 

er» is 


the abbr^esiition of 

“eihyterte dlammtrti?” 

Tht /c?rjDtj'! l p is 

Hjfi - CHj - Cffjf - NH, 
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' ■ “ M dond /-SWk f , VjlI 

(7j WgtNH.jja 

(8) [Co(NH, l ]C | L)iarrnnmesilver(l) chloride 

f9j [CrClj(H,0) ']C[ Hexaamminecoba!t(II]) chloride 

'10; [NitCNiV- 1 Teiraaquadichlorochromium(Iii) chloride 

1 Tetracyanonicklate(II) ion 
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Cu 


(c) Th F II 

n J [ Ni(C :;:r ‘ om P ,ex ^ are neutral. Therefore, they have ONE WOHD name 

(2) ICo ,nh 1(NO ] , Tehacarbonylnickle(O) 

[Fe(CO)sJ Pen,acarbonyliron(0) ' 



s w 


of coordlnation Cf>mpaut)lh 

■ T h : SS2; Zts S* meta,s in complexes are 2 to 9 ~ ~ ™ 

Geometries ccmesponding to C.N's =2, 3, 4 and 5 are shown in Fig. 14.3 

(1) Coordination Number 2 

Examples; y 3 

Q " CN1 " C “ !NH,I ‘*' '' 2,NHJ '' HW. *,(CNy. h s ,nh,,’- „ s 

Coord/notfon /Vomier 4 

c^x ^ cws, hs,cn,; ■ ^ 

Oxyanions such as VO,’- CrO *- r„n t- , „ , 

i • LrtJ - - PeO, aild MnO,' are a l so tetrahedral. 

vT^* ° f P,anar 9V ° melrv are f^nd with Cu 2 * Ni 2 * PF ■ DJ , ■ 

Nl(NHi,< ■ N«CN) 4 - [Ni{dmg) a] ° i Zli , ^ , Au 1 * etc. ions 

1 3 * *1 f 

CutNHj) 2 ' etc. 
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ZnBr 4 2 ~ 


Zn(CN) 4 z “, z r Ni-i 


PdCi 


i- 
■I r 


AuCL- 


[Cu(en) 2 j z+ i 

’Hf* 
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I he formula rs 
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HO ' % 
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If 


j4 if <ntJ/ (NCicV / V inriH^ iMm^tlujiHnm-rih 

' 1 ^ f |,-,frr..f lioitfA- Part it 

£?0*wdllliitlini JVfflllhn ft 

< ll ' 1 ’f li, ' Vl ' s U'llf! t N c oi,' lit, i?uwr , .uraiMii ,'11,-s /nifiu-Ji^j.umsrJn.ii „(,■!„/ J( , r ,. ; 

* ^, ; M " iN "‘ •' ° aW,,,,n ’ llK,n m.w tv unnut Ifu- >,,,.,.,1 M „ [l)ljw|] , 

* ✓ a [ the? convis. of hexagonal plane oi" ‘ 

*' ^ ihe o\ a (phonal prism oi 

• M the apices ot a teguU octnhedion 1 

* [lie^i an nnyenionts me ^.hown in die [ jp 

* Al1 1 ' Xt " n ‘ ,iVV f uk ' ol Ilui Wonwhw\i\ and optical isomeis ot complexes with i.\N 6 has shown that 
anuugement of six ligands hi a o coordination compound is always octahedral 

* ile'f discussions ol otlui possible neomeUics ,.i e hexagonal planar and rru’onal nnsmnlit geometries) are of 

historical interest onlv 1 
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OLOR OF COMPLEXES 


• When while light is allowed to (all on <\ compk’v flw following thnuw m.v, ,va.: 

(ij The complex may absorb the whole ol white light. In this ease ee-mplex ,y-vo: 

(II) The complex may reflect or transmit (he w hole light. In this ease ir a— ears 

(MV The complex may absorb some ol il and may reflect or turns 
complex has some color. \.e it is colored 

* the absorption of light by the colored complexes takes place in the edible :ec.. 
extends from 4000A to 7QQ0A in wavelengths. 

• 7 he color of the absorbed light is different from that of the transmitted light Tv ;V .a:.e : between 
of the absorbed and reflected light is shown in tig below 

* I he color of the transmitted light is called the complementary color ol that o: the absorbed 

the actual color of the complex 

Thus; 

ft) Hydrated cupric sulphate containing (CuthbOUJ^SCY ions is blue because :t ebso; os vr 
flO Cupric ammonium sulphate conlaimng [CufNH : J] #,t ions is v ioIet because o. oo 
Oil) \ Ti(H a O) 6 ) J ' is purple because it absorbs green light 
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11 U 


.1 . X 


■seio< , e o 


1 V 


rhe complex tons which absorb light in the inf rated or ulnaviokn regions of the spectrum are c-, c c 

(I) anhydrous cupric sulphate is colorless since it aksorhs light m the inimied region 
ICu(CN) 4 ] <# " ion is colorless since absorbs light in the ultraviolet region 
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Colon 
orbed 


L}- 


^ ifllet 


i .1 J U 0 

Green. 

Blue- 

Gtccej 

’l ei Jnw- 

Vef.|i.r,v 

— 

r 

! 

blue 

; 

ST wei 

green 

□rvui^e Red 
; 1 _ 1 


! 1 

length I 

£'l r *”*’ ' 4,50 4so ° m ° **» 


light 


Low 


Increasing u n \ denglfi 


00 5RM 5900 fiU 50 7000 

“ — ► ilmii 


Goloui 
iTiuisini. 
fted i\i b - 
served or 
reflected) 
which is ' 
*he col- 
our of the j 
complex 


it-llou 1 
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Green 

i 

green 

t el low 

Orajige 

J Purp! l: 

L i 

Violet 

i 

Blue 

Blue f 
Cfieenj 


P, SRe tafSSbk a P ™r de ‘ ermine the a>lo ^ofth e c ample: 

P °I vistbie absorption spectnim of a complex ion it is - - ■ ■ 


Example; 

[Ti(H 2 0) ( ) 3 '* jon shows absorpt 


possible to predict the color of the complex. 


t"— 20000 cm' 1 


°n maxima at a wavelength of about 5000A which i 


is equal to the 'wave nuntbsr 


It can be calculated as 

Wavelength = A= 5000A =5000 x 10' s cm 
Thus 

1 


(Since 1A = W° m = 10” cm/ 


v = - 


>- 5000 x 10 8 


- 0.2 x 10 'em' 1 = 20000 cm' 1 

Light of this wavelength (5000A) is green and is ^ in, L 

*. iigw * ^ g - - *— * * -*■ 


ion, 


m fac L the color of the ions. 

4. Wave length A (in A") 
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Absorption maxima 
O^5000A°, I) - 20000cm- 1 ) 


L ? w ' m>u 1 ^CKioo 1 iTwno 




frequency in wave 
number, J) (i n cm -i) decreasing 
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The comptex may absorb the a 
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nd 


J fifir ^"Tipfr* of hr^qdeniote and trldrr?(aie ligand. 

Tho$e ligands u hwrh four three donatabie electron pj;r> 

i * mn ;>/.• {)trthyfeiit* f rt am/' II n«' 

t i,N - CM, - CH, - NH - CH, - CH, - NH, 


j *vs*‘ ligonds u»hk h haiv sut donatable electron pairs arc . 

I sample: tithi’lenedtanienetetracetate (EDTAj 

O 
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-CH, 
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CH— C 
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EDTA 


2^AO/t/M 


£ IMP 
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4 ^nadium i$ important because of 

ft) The conversion betUF^en various Vanadium Oxidation states and 
fffl The use of Vanadium (V) oxide as a catalyst in the contact process. 


hdS ox ^ at ' dfl slate* m its compounds of +5 r +4, +3 and +2. These can be inter-con veitedTi t car: 
^’piained in terms of standard redox potentiaSs (standard electrode potentials). 




l 4 


0(0 





X 


• •. P 

■ “■ fi ■ ••-> ^ „ : - k . 




*, + 


i i t ■ . ■ ,. . . 

■ *»,-> --V Vi »*..-> ^ 


, . 


“ ’ T^lili'i Tii ini > W "Jf 'Jr - ’ ■■■'?:■ - — ■t-~.Ii Tmd vi 

■ 1 >. Qj . ■ ^ - ,- - - ■ 1 / 

■ v- i •hirna’fe'VYo.’ * For e.n>r*E"r;c - ■=' -■••-*- * ‘ - 

■ ■ VSTt". : V- ■ . ■ 


u.‘>. 


•■■» ► 4 k *P. T 4 f - < J ,? if - t r . - 

■ " ! ' ■• : H r . ■ , - : y ... 

- ■‘w. r* .■.'•»■■.<■ ■ 4il "V- -JV i > . r^i - if j* 1 ■■•■ «■ ‘i ■' ,. 


*fcr I 

■ * • * 


• • . **L ■■- 


.1 

1 ** 


- ••••'-** v 

r« % ^ * - - ■*. . 1 %. >M-vr 


- V ••!%»- 

■ 


■* »r i 

.-. c-- 

w- , ■j-*-* *■«■ *. 


Ui * J4. d ond/. B | nct R , 

ment * ; 1 rn "»«fon Elements 



m THE LAB 


f otk-^v Cfiiittuslfy: f 'f'tirrut fa. 


■'''" 'V,.„ 


AD 


11 st ' ^ : ; '- i rr i c *; ' , r i f I «m fi frT3?gfi . 

Jt is not Very soluble in v"t tT ~ ^ oxldation sfa, e is ammonium inetavanadate. Nf Ly/H, 

The solution can he rJt* T 1erclorc ' il is usually first dissolved in sodium hydro sir It v,\ j ,,r 

* The acids used art , llc " U * mg zi,lc anri an atld (HCI or ! f 2 S0<). 

* The exact vanadiu V mod erately concentrated acid. 

* The reaction is done nn^ 656 "!*' 1 th * !°. ,U,fon is verv ' complicated, and varies with the pH of the 

(V) ion. t! aaaic conditions when the main ion present is VO,* It is ailed (he 

he reduction from +5 to +4 is shown in the figure 


■’G! 1 . [ion 


r 1 1 1 

■‘^ r n 




0. 




OxKfaGcin state = +5 

voa+ 



Ox 1 


YeJlow 



Th-is isnl a new OKidaton 
staae The green is a 

mixtjre of jig anginal 

yellow and the Wua thaj is 
being pradi/ced. 


OjodaDon sale = +4 

VQ2 + 


Of *? the 8*" colour produced 


Blue 


Gre^n 


J 


original yellow of the +5 state and the blue of the +4* a "° ther 0xidafion sta ^- h ^ just 


a mix lure 


£2° you lcnou>? 


The 


Just like the VO,* ton t/, e wry* 

Wevsuo//y use the simnbr ' hWe mter m otecuies attached 


simpler form , 


The reduction of V(IV) further 


to it as well: [VO(H 2 0) s j 2 ' 




continue and the colour changes also continue' 
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Oxidation slate = +4 

vo? + 
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Ojddarcn state = +3 
-V(ttj0) s 3*" 



Oxidation stale - +2 
V(H 2 0) s 2t 
Purple 


?xi. 

Co n: 


The vanadium fill) ion is shown in inverted commie it- ■ u — . 

“ ra “ re - * e 
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The vanadium {'IS ' ion es very easily oxidized ro vn n idium III . 

[f cotton wool is removed from the flask and some solution ss point'd mm a ust .{' ..■ 
of its contact with oxygen in the air. Thus, ir is oxidized back to vanadiun 1SI 

[f it is allowed to stand for a Sony time, the solution finally turns blue as ih a:r oxid .•■■ 
vanadium (IV) state. Le., VO 2 * ions. 

Nitric add is a powerful oxidizing agent If n is added to the on a nai vanadiu n II solo; v. 
blue V0 2+ ions. Thus vanadium (11} is again oxidised back to vanadium (IV). 

The vanadium(JE) oxidation state is easily o\:c.. - d ba k to vanud: tm 111 , : even ughn 


at back to 


also prodi 



BY HYDROGEN IONS 


t 

* 


The original reduction was carried out using znu and an acid in hash ■; ; red u ;rh a piece of 

wool to keep the air out because air will rapidly oy.-T;v the vanadium II 

The hydrogen ions present in the solution can also do the same 

The vanadium (II) solution is only stable as long a* you keep the e.r t us. i . ti-e p;< -un \i of th 

The zinc is necessary to keep the vanadium reduced. 


jridatJon of Vvnadtum (II) to Vanadium (Ilf) 

Let H* ions are present and zinc is not there, The reduction potentials are 


e zin 


V 


it 


[■q) 


+ e* 


2H*{ >q] + 2e" 


V 

H 


2 + 


l*ql 


lit)' 


E° = -0.26 V 
E° = 0 V 


ire 


hnce, 

* The reaction with the more negative E* value goes to the left ipxidaEori : 

* The reaction with the more positive value (or less negative value goes to ihe nqh: rad . 'dor: - ! if; reaction. 
Therefore, 

* The vanadium (II) ions wilt be oxidized to vanadium (til) ions (i.e the react-.: n ; :o rd.c L>ri md 

* The hydrogen ions will be reduced to hydrogen (Le., the reaction goes ro the i i: 


QjjJgffoft of Vanadium (III) to l/mrotflum ffY) 

— 1 The E® values are 

VO ,+ ^ + 2H* M + e- V „„ 

H, 


V 3 *,„, + HjO.i, E° = +0.34 V 


2H + ( .„ + 2e- 


■2ia > 


:0 _ 


0 V 


* In order for the vanadium equilibrium to move to the left, it should have the more negative E value. 

* However, it has not got the more negative E s value than hydrogen. Hence, the reaction will not occui 


°Xj OATION BY NITRIC ACID 

of Vanadium (III to Vanadium MI) 

insider the reduction potentials 

V 3+ (aq) + €f 


+ 3e 


v f+ 

V Uql 

NO (t) + 2H 2 0 {1} 


E° = - 0 26 v 
E° = +0.96 v 


* The vanadium reaction has the more negative E* value and so will move to the left. 

* The nitric acid reaction moves to the right. 

1 Hence, nitric acid will oxidize vanadium (11) to vanadium (HI). 
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to t/ nn0 rff„„, ,-ji/i 

Consider the reduction potentials 
V0 Z 2H‘ ( „. + e - 


23 


College Chmyimn. : federal Hoard- p^jJ 


V 3 ‘ 


.jqj 


+ H.O 


: 


NOjTiqt + 4H" isq1 + 3e' 


N0, gJ + 2H 2 0 


i 


E° = +0.34 V 
E° = +0.96 v 


The nitric acid again has the more positive FT value and so moves to the right. 
The more negative (less positive': vanadium reaction moves to the left. 

Hence, nitric acid will oxidize vanadium fill: to vanadium {IV''. 


Oxidaif on of V&nadium {IV} to Vtinncffum -V) 
Consider the reduction potentials 


VO J+ <iql + 2H + Uql + <r V0 2 \ tq + H 2 0,, E° - +0,34 V 


q 


NO+ riq) + 4H + lflq] + 3e" NO (aJ + 2H 2 0,„ E° = +0,96 v 


(si 


If the vanadium reaction to move to the left towards dioxo vanadium {V} ion, it should have the more 

negative {less positive) E" value. 

However, it has not got a less positive value (or more negative value, Thus, the reaction will not occur. 


Other oxidizing agents can he analyzed in a similar way 


Conclusions: 

If E c values show that a reaction is possible, then it should not be assumed that it will necessarily occur. 

Th eret°re ; it may not actually happen. 


... ir- 


Exerctec QS(v) (a) Discuss vanadium (V) oxide as a catalyst with example. 
Quick Qutz-4_(4y^H Qw use as catalyst for o xidation of S0 2 (g) -9 SOj (g) 





The overall reaction 

During the Contact Process for manufacturing sulphuric acid, sulphur dioxide has to be converted into Sulphur 

This is done by passing Sulphur dioxide and oxygen over a solid vanadium (V) oxide catalyst. 

SO, + ~ 0 2 — > SOj 


How the reaction ujorks 

• The transition metals and their compounds have ability to 
their oxidation state {oxidation number) 


act as catalysts because of their ability to change 


The Sulphur dioxide is oxidized to Sulphur trioxide by the vanadium {VI oxide 
In dreprocess^the vanadium (V) oxide is reduced to vanadium (IV) oxide. 


SO, + v,o 5 


SO, + V,Q 


2^4 


The vanadium (IV) oxide is then re-oxidized by the 


1 


oxygen. 


v,o, + -o, v,o 


2^5 


^ rt s£ed 6 Cata!ySt haS bSen temp ° raiily chan 9 ed during the 


reaction, at the end it is chemically the same 
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rf jrjJijjirt in -5 o.vMiltion Sttffe 

1,. t ■■- c: . anac h.:r. in the - 5 oxidation state is ammonium rnotavanadate, Ml I 4 V0 3 . 


ffc ._s. -, 


- ^ration o/ ,VH 4 VOj is prepared 

\-. . ?< i r.c: sciubie :n water. Therefore, it is usually first dissolved in sodium hydroxide solution 


„■■ j re+cxidation of louer oxidation state of vanadium is prevented 

r ar a i . a m . ~ I c war o x idatior. stars can b e cast! y re -oxid ize d b y a rrn osp h e ric ox y ge n . ft ca n b e p rev e n ted i 
s rip. ot flask, and in the presence of the zinc. Zinc is a reducing agent so it keeps the vanadk.n 


Hotf VyO s use as catalyst for oxrdarion of SO? (g) SO 3 (g) 
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;HROMlUM 


j n. portent discussion is; 
i; The inf ereo aversion of the various oxidation states of chromium, 
iij The chromate (Vl)-dichromate (VI) equilibrium; 

'Hljilhe use of dichromate (VI) ions as an oxidizing agent (including titrations) 


itfrclse Q3{u) (b) How does chromium (III) changes to chromium ( VI)? 


n. 


3 


E OX/DAT/ON OF Cf tROMlUM(Uf) TO CHROMIUM (VI) 


* An excess of sodium hydroxide solution is added to a solution of the hexaaquachromium(IIlj ions to 
produce a solution of green hexahydroxochromate(lll) ions. 


hur 


ge 



NaQ H solution 


V 


excess NaObi 
sauton 



[ Cr(H 2 D}6 1 3 ' 


t Cf(H 20 } 3 ( 0 H )3 ] 


[ CrCOHJs ]3- 
{Green) 

This is then oxidized by warming it with hydrogen peroxide solution. Finally a bright yellow solution 
containing chromate (VI) ions is obtained. 





I 


“ V S-, -J . A 

’i 








... 




't * 

P»W 5 f-| * ‘T\I ' H* ' ' ’ 1 r " * *• 

* '.V 

^ ^ ... r ■ /,. ;. 




-■ ■ * ' ■ " 

■■ 4 


• •• 

! « ■ • -J - -H. ■- 1 ** 

.4.--V » - . •- «fcXf .i . 



r H . #N £'«««.« w,„„ rl ,,„, 


C(*W* , f?r tVu'nu^ffv f r.fct |,i Ho r v r. 

1 ■ Vf.rj 


k 





HE CHHOMAT-pfvn QIC 



The colours c C, Turn ion are: 

* orange dichromate (VI} ion, Cr a G 
yelbw chromate VI ion CK / 




z- 


These t.w can be in ter- converted as be! r.i 
IS dtlrste sulphuric acid to the yellow 
1 1 sodium hydroxide solute n .-- *d:ied tc :hc c ran :c 
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• r 


- "ronoc 


-IT / *n*Tl 


> v\’... ••'. 
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% '* T 

Eu- l_i 


tJd 



C'CV 


Yrlt 


du ' 1 


The most Important Precaution 

* Let the yellow chromatc(VI) ions ate just produced by oxidating chromium(Ill) tons using hydrogen peroxide.! 

hey cannot be converted into dichromate(Vj} ions washout taking a pr, . ,yj[ion in-i:. 

In the presence of acid, dichrornatelVl) ions react with any hydrogen peroxide w hich is left in the solution (rr 

the original reaction P 

oxygen before addlngThe add. 1 " ***** ^ deconipos<? me h V^flen peroxide into water and 



Explanation of the Chromate-Dichromate equilibrium 

* The equilibrium reaction of the intercon version is- 

2CrO/- + 2H + ^=± Cr 2 CV- + H,0 


If ^hydrogen ions are added to this, then according to U-Chatliers principle, the equilibrium shifts to 

Adding hydrogen lon$ forces the 
position of equilibrium to the right 


2Cr0 4 2 ’ + 2H 


Ct 2 0 ? 2 - 


+ H^O 


If hydroxide ions are added, these react with the hydrocen inns Thn C r , 

the equilibrium shifts to the leftto replace them. us, according to Le- 


ier’s principle. 


Adding hydroxide Ions remove s 
/ these hydrogen ions 


2Cr0 4 J - + 2H* 


Cr 2 0^ + H,0 


The equilibrium moves to the 
left to replace hydrogen Ions, 
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CtjOjl 

C«M;OH 3 

• The chromium 133: ion is shown in inverts 

e sac t n an . re o* i \ e o . • m e x ic n ^ , j ^ ■ v 

* The i-qgc^ior-s for the fv-o >uig & oi i's w 

d conura^ ! r 
nd on the typ 
action arc 

For the redutiicni from * 6 :o 

CrjOj* + 14H * + 3Zn 

^ 2Cr 

For the reduction from f 3 to *-2 

2Cr’- + Zn 

2Cr 


CKM^O)k> 


it 


2Cr + 7H 0 - 3Zn 


only. 



ie Q Jfl 1 (cj Oi*ru^ pofo**Jjjfn dtc/iromate (VI} and Potassium mangaiuire 17/ <is on < f sidi*ing ayunt in 

organic chemistry. (V \t p. wim rr. mgar.xefVU. s<e p-s .v 92 ) 


WIG POTASSIUM DICHROMATE (VI) AS AN OXIDIZiNG AGENT IN ORGANIC CHEMI 


* Potassium dichromatdVl) iDllition acidified with dilute sulphuric acid is comrrv 
agent in organic chemistry 

* : is a reasonably strong oxidizing agent so that it can take the whole of the organic molecule to pieces 
Potassium manganatefVIi} solution also has this tendency 

* It is used to: 

* oxidise secondary alcohols to ketones. 

^ oxidize primary alcohols to aldehydes, 

^ oxidize primary alcohols to carboxylic acids. 

Ethanol (a primary alcohol), is oxidized to ethanal (an aldehyde) or ethanoic acid (a carboxylic acid - o r , ? ; 
the conditions as given below. 

W Ca&Q-i; If the alcohol is in excess, the aldehyde is distilled off as soon as it is formed. Thus, ethanal is r' ... 
Tnam product. 


CtjOj 1 " + BH* + SCH^CHiOH 


2Cr 3+ + 7H 2 0 + 3CHjCHO 
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™ can be d, rec.l v prepared^- th « «» **• solution of «»„ 
vu ' ' ' 0/ s 3 lr 3 ■ rhis cannot be done wish 7 v»« 

prev-m m very high conceXatiaX^ ** presence of chloride ions » is possible if chloride ions are 

^ to do m ^t^eln!' t here T e £K£2 Sfrl«L^Xh' « no. 

Dlmadoontages P ° tassium dichro m a te |VI) sciutic 

• The mam disadvantage lies in the colour change. 

«**»■ tfaT^ man Sana(e(VII) solution is pu,p[ e 

drop k added in excess, the sola,' Ln bec^nini Th s 7c fl n h°T Howe ^ when c e 

• Podium dichrumatefVl) solution is orange in colour Wh d ^ ThiS * the end *** 

«m* green. So, when there is one drop of orange sXt,™^ ‘ S mn into the Stfven solution, the solutK 

bC de ' Ccted Hence, with the I"!*™* Coloured 9"*" **«*< 

Sx 2X" It™' 0 '*' ** M dichrornaSvi) SXn are used - known as 

«** Indicator Th«e change colour in the presence oi, ™ Used ' ^own as 

*7“™* erf exce* potassium dichrom«te(V?) sSTh* SUiphonale - This S*ves a violet-blue colour in th 
' **— « — fe n« as easy to « ^ rtpoK-1 

l/lr CVf/rrWii/frirt 

The hnli-egunnon for the dlrhrom.Me(VI) ion h . 

Cr, °’ +14H, + 6 «‘ - 2Cr** + 7H t O 


and for the inm(ll) ions ts; 
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:urareiy 

EASSium 
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m 3 t es * cannot be sure for chromjWV 7 j inns tu 

J *> iu tion ' " '* ' rJS C °' 0iJr chGnse ccu: 1 be c -‘? fo a/i add base indicator in a 

no! vi 


(Yrdou! 


Oran ijr' 


lut,o„ foth, t-v urfdl„ g fc(lrtum cMoride (or nItrote) solutjon 

chromate [Vi } iens will give a yellow precipitate of barium chromate VI 

Ba ^ + CrO,^ -v BaCr 0 lii( 



Daium ctotcie soiusoa 



yB.'a* preopjatE 


, 6 V ‘X'iftnj / eo rff//> n((rafe so ! utIon 

|p°jnatc(V!) ions will give a bright yellow precipitate of lead [II j chroma!e.'Vli 
ls the original ’chrome yellow" paint pigment. 

Pb 2 *,^, + CtO/-^, ^ PbCr0 4(>) 
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QUICK QUIZ‘5: 


-t-i, " ^romolc ion is com-erred into chromate and t lce reran 

h ^Uibnujn reaction oi ihe intercunversion if 

2< “ r °i i + 2H* ;=± Cr>0/- + H,0 

J Jb. 


J 


Thus 


■ S dLlute sulphuric acid is added to -he veiiow s>. lution oi CrCV" iotk it T convened i: *■ or =.:• ;e sr,. . 
Crj0 7 2 ions. It is because, the acid provide H ‘ ions, which shift the equilibrium to the right 


=J 


■On of 


■ . LJJt; £H_ iU UtUVIUe I I IUI 15. LVUtUI atlEiL LJJC CVjLlSU Vi IU1JJ LU USC liyiJl- 

If NaOH solution is added to the orange solution of Cr 2 0 7 £ “ ions, it is converted into yellow soiutic 
is because, the NaOH pro , ides Oi r ions v. hich icacts u ith H* ion- HemowJ of H \ 

■■ * * U 1 




CrC) 4 2 sons it is because, 
the equilibrium *o the left. 


■ shift 




(2) What happens ufeen cferomafe /on reacts with feodum chloride 

1 he G<V ions react with B f r 2 ior.s arc cjw e a yellow qivnpitate of bar ium chromate V! This readier. 

as a test for Ba* a ions. 

Ba*T Jql + GO, 2 ^ ^ BaCr0. t „ 


: used 


<3) Why potassium dfcferomafi? is preferred out potassium mangarutte In titration, 

* f otassium bichromate V [j can be uscu as a primary standard it means that its stable solution of accurately 
known concentration can be directly prepared bv weighing U. 

• Potassium dichromate (Vi) can be used in the presence of chloride ions. It is possible d chloride ions are not 
present in very high concentration Thus, no unwanted side reactions occurs. ’ 


(4) In which titration end poli»f is clear potassium dichromate or potassium magnate ” 

Potassium dicbroiriatei VI ; solution is orange in colour. When it is run into the given solution, the solution 

turns green So. when there is one drop of orange solution is m excess in a strongly coloured green solution 

th<- colour change cannot be detected. Hence, with these titrations separate indicators are used known as a 
redox rndJCGfor. 

Potassium manganate(VI!) solution is purple in colour. When it is run into the given solution, the solution I 

ctntedZ id T~;; vhe r s ‘ 0ne dr °P is added in «“*■ the solution becomes pink. Thus. i,l 

can be defected easily. This is Ihe end point. 


W ChmS ** «« oddcd S ep a ratel y in podium chromate solution 

The equilibrium reaction of the interconversion of CrQ* 2- and Cr 2 CV _ ion- k- 

2Cr0 4 z ’ + 2H* CjtQf + H 3 0 


Thus, If dilute sulphuric acid is added to the ueMouj r,-n 2- 

- &a - “• « ^ »««. - « Sr, *s?jz zsr 




(Hi} Lead nitrate solution 

Chromate(VI) ions will give a bright yellow precipitate of lead{Il) chrontate(VI) 

( <q » + CrO/ ( ^ q) PbCr0 4lll 
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CTIONS OF MANGANESE (II) IONS IN SOLUTION I OXIDATION STA 
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nXlDATlON STATE 


Manganese can exist in a number of oxidation states, its most stable oxidation stales are + 2, +4 or +7 
( [ri the oxidation state it exists as the intense purple ion Mn0 4 \ 

( h can. be reduced to the pale pink Mrs 2 ' by hV 1 in acidic solution: 

MnO g ' (aq) + 8H + (aq) + 5e‘ ^ Mn 24 (aq) + 4H 2 0(J) 

Fe 24 (aq) — ► Fe^faq) + e' 

■ ;dl reaction: 

Mit 0 4 (aq) + SFF(aq) + 5 Fe 2 + (aq) -> Mn 2 + (aq} + 4 H z O(I) + 5 Fe : * (aqj 


M ! j j'l ip ! y / e 2 " / >:r J c ;q uoti or ■ 
bp 5 ana then acid tu the 
other equation to get the 
over oh reaction. 


The reaction of hexaaquamanganese(n) ions with hydroxide ions 


Hydroxide ions le.g, from sodium hydroxide solution] remove hydrogen ions from the water ligands 

attached to the manganese ion. 

Once a hydrogen ion has been removed from two of the water molecules., a complex is formed with no 
charge [a neutral complex). This is insoluble in water and a precipitate is formed. 

[Mn(H 2 0) 6 ]* 4 + 20FT -> 


[Mn(H, 0 ) g ( 0 H) z ] + 2 H z O 


In the test-tube, the colour changes ore: 


NaOH Solution 


on standing 


[Mn(H 2 0}6l 5H 


[ MntH20)^(OH)2 ] 


(Light pink.} 


(Pale brown) 


PrebpitatE turns to dark 
brawn a/aund the top 


1 The original solution is as very light pink as colourless. 

* When this reaction occurs, the pale brown precipitate of Mn[H 2 O) 4 (0H) 2 ] are formed. These are oxidized ■ 
darker brown manganese (111) oxide on contact with oxygen from the air, 


11 Tht^reactloti of hexoaquamanganesefU) ions with ammonia solution 


* Ammonia can act as both a base and a ligand. 

* In this case, it simply acts as a base at usual concentrations, Thus, it removes hydrogen ions from the aqua 
complex, 


[Mn(H 2 0)J 2+ + 2NH : 


[Mn(H 2 0) d (0H) 2 ] + 2NFL 4 


wnmnnia 

solution 


□n standing 


( Mfl(H 2 0) 8 |i ( 


Mn(H20) H [DH)2] 


(Light pink) 


(Paie bruit'll) 


Preopitato Lims to da/K 
brawn abound tie top 








■ r" f-1 - 





4 ; a *- - 


’; .7 piV UK '[race '.*:Wt!‘F:ir S^LgIp tis 


I M'-r“ 


• • k ' . r T1i I '* t 

r , r' 


- , v - • • • 

- ■>..-. ’,j= ' : . , J ■- ■■• .. j ■ - r-j ■- - • ' J - - 

. ••• ■ . : - • : • ‘ : 

..' X . ■ ' • , . r . ,1 , - I 

, , * ■ ■ P ■ ■ t ■■ ■’ ■' . f ' • j • 






-* ft 1 

7,' ft* . 


irtpUtte'- 


, ^ ^ * :' .v 



.v -* 
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c «*“ ;dnnd/ . S(M ^ 

■ ]ll °2 in b al £0lUtiOn is as palest pink as colourless. 

the air X0W P rec ipdate is oxidized to darker brown manganese'll]) oxido on a . jniact with ■ n fi> ..;- n 


1 1 


^ TTh L 

e 110 observable difference in appearance between this reaction and the lost one. 



Exercise Q3(v) (c) Discuss 




i 


potassium dfc^romate (VI) and Potassium manganate (VII) ns mi oxidizing agent in 
organic chem istry . (h or Potassium dichromate (VI) see page 8 7) 


Potassium manganate(V]i) (potassium permanganate) is a powerful oxidizing agent. 


0 


— . potassium fnffngqnate ft/fjTJ as an oxidizing agent In organic chemistry 


Potassium manganate (VII) is usually used as oxidizing agent in neutral, or alkaline solution 
chemistry. 


tn o roan ic 


Acidified potassium manganate(VEl) is somewhat destructive strong oxidizing agent, breaking carbon -carbr 

bonds. 


on 


The potassium manganate(VJ[) solution is usually made mildly alkaline with sodium carbonate solu; on. h 
typical colour changes are: 


ie 





b 


Original 
dark purpte 
manganateCVll) ton 

MnQ 4’ 


flecuiE-d to 
dark green 
mangan-atecvi) ©n 

Mn04 2 ‘ 


RjiTier reduced ta 
Slack 

preopitate □! 

M n 0 2 


(ll) In testing for a C^C double bond: Boeder’s Test 


CHE 


it 


™ man3anale(VllJ OXidi2eS carbon-carbon double bonds and t hrough the colour changes as 
e.S- Ethene is oxidized to ethane-l,2-diol (ethylene glycol). 


CH. 




CH. 


+ HjO + [O] 


CHs-OH 


i.j. 


Ethene 


CH-OH 

Ethane-1 ,2-diol 


T his abbreviated form of the equation is most commonly used in oraanir , . xi 

equation far this reaction is generally not written. 9 nnst.-y. Toe compSete ionic 

The oxygen in square brockets is token to mean "oxygen from on oxidizing agent" 

It is not a good test fora carbon-carbon double bond. It is because euen onu 

same effect on the potassium manganatefVIi) solution. ed an 9 species ■ r,GL L ' 

However, this reaction can be simply used to prepare the diol. 
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fsaQM 

solution 


This isn't l \ ivw oKid&nt ;m 
slat*. l"!n,' gwen i^- ,: 
mixture of the original 
yellow and tht? blue -hat is 
boit’c. produced 


Excess 

NaOH 

solution 
► 


Oxidation 
stale — ■ -1 

VO 


GE 85 


Oxidation 
Sl.lh - +4 

VO 


Oxidation 

SltlSii' - ’ ■ > 

"V(H Oi 



WD 



ion 




v 




: lydrof^n 

peroxide 

solution 



heal 























Add : i 


Add 01 ! 


i , t 0, | (CrlH : 0) (OH} j 


[CrfOHl 1 


[Cr(OHi | 


[CrO : ! 


Ci-0; 


w 

Cl o 



dill, ill' 

sulphuric 

add 


-.'■Lion Oxidation Oxidation 
I :'c = -G state - +3 state - +2 



CrO. 


CrO 


>0 


"Cr(H .0) *' Cr(H O) 




i>. 


-Ci'O 


- BaCrO 


Pb 


CrO. 


Ph( A ) 




wmm 


Barium 

chloride 

solution 


w 

Yellow 

precipitate 


■ 


[.end i r.itrase 

solution 

— ► 


Very bright yelloy 

pieCipIt. lh.;' 

chrome c ■, llo v. 


CHEMISTRY OF MANGANESE (Mn): PAGE 


lHn|H f 0Kf +20H 


-> [Mn(H.O:. ; (OH)J + 2 HO 


NaOH solution 

-► 


w 

iHn(H.O) | 


on standing 




V 

III 


[Mn(H O) .(OH. | Precipitate turns io dark 

brown around the top 


§Mn(H.O)„] -21\ r jl 


+ ;Mn MO. O] L | 2NI i 



Ammonia 

solution 


on sir 1 riding 

h- 






V_J 

i 

v 




EMrifH.O) ,] 






ammonia acting 
as a base 


Precipi 
brow i • 


CHEMISTRY OF IRON (Fe>: PAGE 95 




he 




Chiginai 

! bdt puip|,> 

■Snale CV11) ion 

fariCkp 


Reduced to 
dark green 
manganate (VI) ion 
MnO^- 


[ : uf ther reduced to 
black 

precipitate of 

Mrs 02 


IFe(H,0),] +20H 


-> []-e(H,O'!.: 0 H i 2 HO 



NaOH solution 


V 


on standing 


I 


ifMtm i ■ 


[Fe(H .O^OHI'.S 


4 

3 ? te< i pilau- darky m* 
a t id turns 01401 
around the top 
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LAS&AIGNE'S TEST (PAGE 120) 
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£/<* the oxidation of aromatic side chains 


Alkaline potassium rn dngg& : 1 a te ( VI J ) sc ... ; on cxid-C 1 * 
jo -COOH group. Prolonged hca: :v< .> :v^s ■ V 


\ -V . V - - . 




C H. 



3 10} 


Kh r -;C t - 0 ' 


CCCH 


- W. 


H rat H .O' 


Toiutne 


\ 


CM-CW. 



ffo; 


KM r O 


^ LJ 

W V v f? 




r.lhk itvivviv 


H t j t K,0‘ 


; n - 


• in thc «* of the- ethyl side chain, y ou a ... as.- eet .■ - - , , 

• With longer side chains, you u ill get «!] W r» o: es r - ■ 

• However, in each rase. the main product ., s- ;vr..'e .• - 
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Background 

* Potassium manganate(Vll) solution l ;^\1 

* St is always used in acidic solution 
It oxidises 

“ Iron(ll) ions to iron(HI) ions 

Fe s " -* Fe** ^ e 

* hyd rogi?n pc ro xi dc sol 1 1 1 son to o \ ogc 1 1 

H|Oj( Oj + 2 H* + 2e 

* Kihanedioic acid to catbon dioxide (Th ts ivacrson has to be oo:v rv: 

COOH 

| -» 2C0 f + 2H* + 2* 

COOH 

* Sutphne ions (sulphnte(JV) inns) to sulphate ions isutphKe \ V > vs 

SO,* + H t O ->• SO,*- + 2H* + 2e 

* In each case, ihe h^i equatron lor the mangftaati»{Vtl> ions ;n acie-e soy.:er - 

MnO, + 8H* + 5«‘ ~¥ Mo** + 4H.O 

These equations can be combined to give you an overall iqr.ic eqi;.a: on t« •. :vs> . - .- 
From the owrall reaction the reacting proportions »mole mao' » aiso obc\.tyy. 

Arid the Fe* * ions cuudation reaction to the MnO,' tons murrspjy ?>g ^ ;v ^ 

5Fe'” -+ SF**" + !»»■ 

MnO, + m: ± s« =t Mb'* + 4ti|Q 

MnO, + 8H 4 + SF**’ -+ Mn*’ + 4H.O + 5F«’* 

I lius, (tie reacting proportion is; 

f Prt<1 l»» of pannanganotefVlI) ions : 5 motes of ironttl) tons TKs mote ratio can W used tor asraaam a 


* 

* 
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The potassium nwiaarmte *7 T™ ~ ~~ — — -■ — ■— 

T* re l . - v i so ; Li .x>n always taken in the burette 

4 , . K m t r e : : Jisk and ac rdifL ed iv ith diJ u re su [p h u :: c at i d . 

potassii;;- ■• y- - lt , a , 

u \ ’ a .. solution is run :nto :he flask it becomes coiourl^ss. 

vn r jCr'ev - ■ - - 

aoDears Tv,* -V a excess 0 * manganate(Vii) tons is present in a solution a permanent light Dirk coin.*! 

iP.Vi, is 0"U D . ■ nr ■ ’" L ' JUr 


jji jh fJJS£jq/po tgs^iy m mangas a | efV/J) sofuiion 

* It 1 «, -t ■ m ■" — ■ ■ * — ■ - 


oSs^'^ri!^^ ifl ttration ! v h u pTesence ° f ions like chioride ° r br ° n - ide it b 

SK3.J r«actir>'i- H.' ■' lh unknown amount of the potassium manganate VK; would be used in 

hydrochloric ae : d CEmt '° n ^ ^ inaccurate - This is wh V the solution is not acidified w,ib 




concentration cannot be dii«^ it ”* S ° , ‘ Jri0n ° f aCCUrately knWn 

— — - — 

Bottles ol potassium manganate(VH» solution usually have a brown nrerinit^ „„ a ’ > 

^nese. .h oxide. It is produced uhen the ^ I 

So. firs. a so, u non of approximate concentration is prepared and t ; en >t is standard! h h a ■ 

This standard Lai-nn it n >, u. . . ‘ n ' ,u " <en “ 15 ^andaidized by doing a titration. 

primary standard. ^ n Wlth eth anediO!c acid (oxalic acid; solution, because it is a 



Jie imf 

(f) 

f/r; 

(Hi) 


(vu) to^S so , u(/on . 

ne iali-equat: on for the manganate; VII) ions in acidic solution is: 


MnO,” + 8H* + 5e‘ 


Mn J ~ + 4H,0 


(2) Write equation for oxidation of oxalic acid 

Ethan edioic acid (oxalic acid) 


^ oxidized by KMnO, to carbon dioxide. This reaction ha; 
The half-equation for oxalic acid 


COOH 

i 

COOH 


2C0 2 + 2H* + 2e“ 


The half-equation for MnO.' is 
MnO," 4 - Sir r 5e“ 



m * 4 „„ „ ty2 tha 


COOH 

5 I + 2MnO,’ + 6H' 


COOH 
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fftuLi can you concert toluene into benzole acid 



C 00H 


4* 3 [0, ] 


KMnO^ + OH' 


Heat, H O + 


+ h 2 o 



Toluene 


Benzoic acid 


JJ 


(Vriie equation of reaction of hexaaquamanganate(ll) with OH ion. What color change is observed 
The equation is 


[MntH.OU 2 * 4 20H 


[Mji(H 2 0) 4 (0H) 2 ] + 2H 2 0 


The origin a! solution is as very light pink as colourless. 

When this reaction occurs, the pate brown precipitate of Mn(HjO) 4 (OH)J are formed. These are oxidized iO 
darker brown manganese (lil) oxide on contact with oxygen from the air. 


IKON 


. kr* ‘A C ’ •- - 


The important points are; 

(i) Oxidation state 

ill) Iron as catalyst in Haber's Process and in reaction between per sulphate and iodide ions. 

(Hi ) Reaction of Hex aqua Iron (II) and (III) with water, ammonia, Carbonate and Thiocyanate ions, 


XIDATION ST AT 


t : 


» 

* 


Iron exists in two common oxidation states, +2 (Fe 2+ ) and +3 (Fe 3+ ). 

In aqueous solution, the Fe is readily oxidized from Fe 2+ to Fe^ 

Fe 2 *(aq) -* Fe 3 + (aq) + e‘ 

The Fe 2+ ion is thus a reducing agent. 

Thus, concentrations of Fe 2+ in soiution can be determined by titration with oxidizing agents. 


RON AS CATALYST IN THE HABER PROCESS 


* 


The Haber process combines nitrogen and hydrogen into ammonia. 

The nitrogen comes from the air and the hydrogen is obtained mainly from natural gas (methane) 
Iron is used as a catalyst. 

2NH 


+ 3H 


2(9) 


■3teJ 


The reaction between persulphate ions (peroxodisulphate ions), S 2 0 8 2 ', and iodide ions in soiution can be 
catalyzed using either iron(ll) or iron(lll) ions. 

The overall equation for the reaction is; 


2 SO* 2 ' + l : 


* 

* 


$ 2 Otr + 2r -► 

Let the catalyst is iron (II) ions. 

The reaction occurs in two stages. 

SjO,®- + 2Fe 2+ -> 2SO„ 2 - + 2Fc 3+ 

2Fe $+ + 21“ 2Fe 2+ + I 2 

If iron(HI) ions are used then the second of these reactions occurs first. 

This is another example of the transition metal compounds to act as catalysts because of their ability to 
change oxidation state. 
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H * 14 i? df ' Bh * k -'" R ^ u B, w , u 

1 || ,| g II,, , 

71,8 6,m P^ ‘on, nL /■ ' — 

*he h«x«qu a ro , IFe(H,0 W * 

* the hexaaqu., . • • - kn [Fe ( H; OlJ’ 



r -m-V i . 

Lv.ii H.' n ^ 


i!L«Mc(tons o/tht Iron torn ulth /ndrovfde tons 

‘ S d r :dt> ' Cr> PS ^ • 

attached to ihe iron iory 

" ' ' " ' 1S remoVlV ;rcr " " A ' ri ' : .1 complex is toniii -,i ruth no 


' . ors ih'm ilv \wiU‘i ligands 


fn the 1ron{U) 

IF«(HiO)J s - + ZOH 


iFe(H,0) 1 ;0H( J ] + 2H a O 


In the Ironflll) case 

|F«(H t O),]’- + 3 OH i [FeiH,0)j(OH)jJ + 3H.O 

• in Ihe test-tube. ihe Colour changes L rto 



In the Iron (If) C0»p; 



( Fe£H 2 QJs )?* 

1 Green solution) 


I f*(H?Ok{OHh ) 

(Green prectpttates) 


t 

PrpDpjtafe sartens arid 
Ietls n/ange around Tie 

bp 



the ?op 


• Iron is very easily oxidized under alkaline conditions 

oi thTob^ a, “ 0XKilZCS thC ,r0r ‘ ;:ll) hydr0X,de preCi P itate to iron(IH) hydroxide especially aro 

The darken bg 0 { the precipitate comes from the same effect. 

fw the Iron(III) case: 


NiOH sabtan 


! fsmzOh ]* 

( Yellow sahtlon) 


\ Ffi{H20j3{0N)3 j 
(Orange precipitates) 
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Iftudyl 
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r — - v fc -*i r *« • .^ <;•-». .. 

» f iiiii 
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’•i . ;-x-.. - I . ~ , • 

- * ifcSsjsifr* 1 * 1 *' - <. 



■I! 


dirndf-Bt^ck EUfnrp.U: TV euuftfon E.'ni—ij 

— - 

' ^act ions of the Iron Ions trfth ammonia solution 

mrnonia can act as both a base ana a ligand. 

# in these cases, it simply acts as a base Thus w icvti c> '’.vc’O^c 

Ip (ron(W case; 


f f 


. ■ T > . % - A 


tFe(HjO) 6 ] 


7 * 


2 XH 


[F riH : 0\vOHV 




o 





iTvncy^ 
sat tan 


[Fe(H20)sl^ 


(Green sq/utfon) 


V 


:r * 



[FaCK;OJjiC^;] 

[GrF^ft prr-rsj’rt^-'r*' 


■a-OL'>'- :■ ■■ 

t " r_ a o-’s *v ' ’ ' ■ • 
1'C 


irvnor** 
as a base 


* The appearance is just the same as in when you ,vh sovUun- w 

* The precipitate again changes colour as the iron ..li ‘ nvce.vv* e o es • ; os ■ ■• 

hydroxide. 

In the tron(lH) case : 

[F«{H*0)J 5 * + 


3NH, 


IFetH.O'slOHl,] 


i 


'•I 





mrorift 

ictaton 


i Fa(H 2 0 )t | 3< 
(Yelfaui so f tit Jon I 


I 


( Ortm riff p rev f r I f J t* -« ' 


■rtirranmirtng 

isibasc 


V? 


The reaction looks just the same as when you add sodium hydride solution 

[ ftfl Reoctlons of the tron ton * “>»*« corbonote 

There is an important difference here between the behaviour of iron, in and t™„n 

IS UlWJI) tona and CsrbonSlsJSUS 

The precipitates of iron(ll) carbonate are produced 

#-V 


' l'\ 


1 1 1 1 i ' r 1 . • 1 


’ll'- 






, L ' • , <> ' ' • ' ‘ 


I ' . - 'l t t ‘ 


chmia . _ t ,.jr r a* <* Uvntwry i f flt rt,i fv* 

1 <imf/-fllo c J' EJcn,« nl ,. Transition Elements 32 

, n {f t c tonj ^ ^ ( 

Hit hexaaquairon(III) ion is sufficiently acidic fo react with thi ,Al tV ' r 
If sodium carbonate solution is added to a solution of hexnaquatK mdl-. 

obtain 1 ed as with sod ium h yd rox id e so lu t io n or am rn o n ia sol 1 1 1 ioi \ . ^ 

* 1 his time, it is the carbonate ions which remove hydroyen ions horn hi h. Jfl l 
neutral complex, 

* Depending on the proportions of carbonate ions to hexaaqun ions, there nu J i ? >s 1 
products. 

v either hydro gencarbonate ions are formed 

v " or carbon dioxide gas is formed from the reaction between the hydrogen ions 

* The more usually quoted equation shows the formation of carbon dioxide. 


2[Fe(H*0) t p + 3CO ? 


2- 


2[Fe(H 2 0)j(OH)J + 3CQ* + 3H.O 

(orange.) 






bubbles of CG? 


(Yeffatu sijfurftjrr) 


[F*(H 2 Qh{OHh} 

{Orange precipiiat eyi 


(iu) JeMlng for iron(Hl) Ions reifli thiocyanate Jon# 

* This provides an extremely sensitive test ten iron till? ions in solution. 

* II thiocyanate ions, SON ions from sodium or potassium or ammonium thiocyanate solution) 
added to a solution containing iron(ill) ions, an intense blood red solution containing the 
[Fe(SCN)(H,Oy a * is formed. 


are 

son 




SCfSi'jaqj 



SKSST" IWNKHJ0) S |2. 


0+'^( j n 


. ri J -.WtifJcj- 


I V 1 ' 

Mrt< >, * HI I t 5i- 


<■ 


► t'J* h' 

* Mu* + 4 FLO 


I i oiitbliu: 1 1 > give lhf sonic equation Eei the ie.k nan 

MiiO* I HU * 5F«* ‘ > Mn i( + 4H.O f ,HFV 



»- r ' ” V . 

'& 1 .A 







2: i H 


r Fe H O ( OH 


2NH . 


. |hf; i,ry,r /// i, •■■ o 


3NH 


;f*s h o - oh 


- 3NH. 


2j /r» which farm iron lor, era present fn soFj-. : or 

Iror, e/'V.c :;. ac -<jo .v „ • v as j'j,- ■//:.: ^ - ^ ; “• =r: 

* the he* a-ar; ->0: ror. : : . :v [ F e H 2 O T ‘ . 

* the hexaaq uairo: '3:f or. 


3j Write recrctton equation tattiu. een persiitp/nii^ tan jo aide jon, 

• The overall ecuetion for the react; or. is; 

■ 

SjO, 2 - + 2!- -* 250^ + I 2 

• This reaction car. be catalyzed by :;or :cm. Tr - rse::.: 




S 2 0* 2 - + 2Fe ! ~ -+ 2SO, 2 - - 2Fe 5 " 


2Fe 3 ’ + 21 


2Fe 2 ~ + 1 


If iron'll!) ions are used then the second of tr.ese reactions cci 


. -.t-- = - 


14} How thiocyanate Jon is used for testing of Fe? 

If thiocyanate ions, 5CN' ions are added to a solution containing iron T ion?, ar 
containing the ion [Fe(SCN)(H a O) 5 ] 2+ is formed. The reaction is 

[Fe(H a O)d 3+ + SCN" -* [Fe(SCN)(H £ 0)J 2 ‘ + H s O 

SCN" ions are added as sodium or potassium or ammonium thiocyanate so^tion 


. it . j ' t: 


b;Ood "kz scludo; 




COPPER 


J t : ' ^ { - 

> *4 


s : - 


The important discussion includes 

fjj The Oxidation States , n , . 

(k The reaction of hexaaquacopper {«) ions with hydroxide ions, Ammonia and Ca;bona.* .on 


Copper exists in two common oxidation states + 1 (Cu**) and +2 [Cu 
In aqueous solution, the Cu is readily oxidized from Cu to Cu . 


Cu‘*(aq) 


Cu 2+ (aq) + e 






The Cu l+ ion is thus a reducing agent. 

Thus, concentrations of Cu 1 * in solution can 


be determined by titration with oxidizing agents. 




a * ' '■ 


j /*>■ 


I 




f*-“* ** i ‘. A_i - 


1 a>\ r&'i 
•v ■ JT*. ■ , 


A I , At 









r 






( !1 * ** 4 * { i t 

1 1 ■ ' r i j| > 


J fCniJti-*.- xr; . 


! 




Once a 

0 : 'i; ; v 


c o ::c— -i-.- 


- ' •'• i x i m b.vcr ?x : d e so ::... Lion re m o v 


*-■■<= »s«nesc sen. 

■ ■ . _ _ t - lt ,avr ’ t’ 5 . a COftip c\ .5 . •■'■-- •"• HO 

- xc r removes ::cm two ot tne 




.-a corr.p; 0 >. T-Ls ;s insoluble in ivarer and a precipitate is tonr.es 

Tr. . s is •• «/ •'■ i2 r 

■ " c.-r. a precipitate :s tormec. 

fCu(H t O) t J*- + 20H- -» [Cu!H;0),(0HU] + 2H,0 

(blue) 

the j'S.-ijoe ve colour chc T ' re is 



NaQH sou ton 


[DjfH 2 OUIOH)H 
(Blue precipitates) 


iCjJKjCJsi** 
Blue solution) 


E ACTIONS OF HEXAA QUACOPPERMl IONS WITH AMMONIA SOLUTIO 


Here, the ammonia a cts both as a base and as a ligand. 

With a smali am con: of ammonia, hydrogen ions are pulled off the hexaaqua ion exactly as in the 
hydroxide ion case to give the same neutral complex This is insoluble and precipitates are formed. 

[Cu(H 2 0} 6 ]* t + 2NH 3 -* [Cu(H 2 0) 4 (OH)j] + 2NtV 
The precipitate dissolves by adding an excess of ammonia. 

The ammonia replaces water as a ligand tc give tetraantmLr.ediaquacopper-.il ) ions. 

Notice that only 4 of the 6 water molecules are replaced. 


[Cu(H 3 0)J 2 * + 4NH 3 


The colour changes are: 



smal amount 
of anvrma 

► 


ICufHjOJs]^ 

(Blue solution) 


| Cu{H20)4t0H} 2 ] 
(Blue precipitates) 




ammonia actog 
aii base 





[Cu(NH,) 4 (H 2 0) 2 1^ + 4H 2 0 


a n excess 
of ammonia 



|Cu(NH3hCH20)2l2' 

(Deep bfye sofution) 


tgand exdwiqe 
reacton 
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■j E/nnrpU: Transition Elements 

H I 


ON OF 


^ precip e ^ copper 1 .!]} c&Tbonate are obtained 

Cu 2 *(,,,)+ C0 3 2 -,.,, -> CuCOj... 

(blue) 


101 


ONSWi 


College C r.e - re :. 


- a * 


ca 5 ; ' 


UQt 



9 


[ CutHjQJj ] ; 
(Blue solution) 


XuCOj- 

■ Biue precipitates! 



DICK QUIZ-8 


tmmonfa acts as base as well as ligand. Prove above statement by reaction with copper ion. 

* Copper ions exist as hexaaqua complex in water. 

* With a small amount of ammonia, hydrogen sons are pulled off the hexaaqua ion to give hie same neurmi 
complex. This is insoluble and precipitates are formed. Here ammonia is acting as a base. 

[Cu(H*0) 6 ] i+ + 2NH 3 -* [Cu(H 2 0),{0H) 2 ] + 2NH/ 

The precipitate dissolves by adding an excess of ammonia, The ammonia replaces water as a ligand to give 
tetraamminediaquacopper(ll) ions. Here, ammonia is acting as a ligand. 

[Cu(H 2 0) & ]* + + 4NH a -> [Cu{NH,) 4 (H 2 0) 2 ] 2+ + 4H,0 

Only 4 of the 6 water molecules are replaced. 

Ktoen copper ton reacts with carbonate . What you expect. Which types of precipitate are formed? 

The precipitates of copper (II) carbonate are obtained when copper (II) ions react with a carbonate. 

Cu J \.„+ CO s p.„ -> CuC0 3(l) 

(blue) 

This reaction is used as a test for copper (II) ions. 


Ct* +J top is reducin g/oxldlzing agent and why? 

1 Copper exists in two common oxidation states, 4- 1 (Cu ) and - 2 (Cu , 
1 In aqueous solutions the Cu is readily oxidized from Cu 1+ to Cu 

Cu 1+ (aq) -4 Cu i+ (aq» + e 
* The Cu 1+ ion is thus a reducing agent. 
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name of Compound 


uad Monoxide 


Baste Lead Carbonate 


Lead Suboxide 
Lead Dioxide 


Trtplumbic tetra oxide 

, ___ lead) 


^ r f in srf ioti f 


f i'tti 


‘■'tit'? and Pain 


Hi ij it ■ , ' . ■ lulac :u:o cf a:*.; : as 


(tf it ls oifiCK tn coioi and ' n powder rorm 
Hf) ft s used a- p.cmer:: :n p :ts 
f> d :s used ;n lead storcso 


i_eao as oxide is a rode - • o cw - and . 


(i.i It is used as r ed p a .r,: a h e : : : \ c b a . : . r. - 

Hi) It is used in glass .:::ap :cv ".a, -p c. a o> 
(Hi}U is used in match a:J,;a:v 


0 ) h is jsed as white pa:n: for uood boca. a- o 0-0/ , 0 , - - - 
protection 

(ii) It is used in making pottery cha os 






Fit C‘ i I ti Dll <|« f 1 1 i > f J , 


1 


, (■)* f f 

«"<»■ I I. »■'. I II .1 i , ... , |, 


i t I I I J 


ii (ini'x liol !- i m c. ik u i . | ■ 

M r 

■ til 

i i j > j | 4 1 , | 

|* | - ,y, S iH'iylt - ! Ii J i 1 ! 

■ . 1 1 1 \ 

1 !| I . h 

■•hr!l (i I f || |i r i . i 


,»[,!■ »f f,, ‘ ‘"'i K »*«'" f i i«i. .,i i, 


• * 


I 


L^| f fa element * fut m ullnv 

Alk^l llUMnL ! Ml ,\}\ ■ . [ ■ , 

lepi'llvd fry unt*im tit iih it * 

%■ pamrttAqm’hi 1 1 1 I ! ■ i j 

tf^jil fill ITKl^Tti tl ( y ' 1 t * t nil i ! r 1 1 r i i i!> r , . > , \ , 


r 1 1 * 4 1 1 , f i r < ' 


•i - m r i f n f i * 1 * ‘ ’ f 1 1 1 i j ■ < ‘ J i i * i 


ion 


h'i 


■ i ■ n i 


,. V umII of MngnrUc mumcrir J % 

jVi CouWfnhs (0) ilO Ampr l 

oMoy iorrfo/ns 

vpj anil Sn (h: Ni .i i ■ i v i 

ifi'ff (he *v*N’mnJb immr fn# I ,•;( Oi 


V Perifncarbonvl in >n * 


>' tYm. 


'11V I i 1 


j 4 Pent* ic arbt n\y! ii on ( \ \) id' 1 I \ mt , u . n l m i .v I fvn.ifr IN 

GltNP the rficrnJrijf /onmiJijj if o roiujifr* compound vufujm himudi ht* i ■ opm-fn* < unftff r .■ uir- ffi 

U [NadVCKCNM) \b) V\\ [NuCI(CN) .)] ■•[ U \ m u \ 

the eomplfxtji having coor J/jiuj: Um number ({ "N) 4 hurt’ gennu lr\ 

\ a) T etrahed i al ( b \ .n icar ■ c ) Squm* ■ >! i ; . 

i/ui< inf* I /1ING3 Jo the original itinocfrum (II } solution, it product s 

slbkiv ions (b) green ions (c) dull grey • ie 

hl^/t mrJii/ ovidr is used Ju contact process as a catalyst: 

| a)Cr (b) Mn * "(c) V” 

■it axiduffon of chromium {III) to chromium fV7) the green color will change into 
W c olorl ess ' \ lb! ’& it gH l yel! ow ( c 1 p i n k 

Addled polasslum |?e rni anganate act as a strong 

oxidizing agent (b) reducing agent (c) electrolytic agent 

0 Fftjtoutfng element shaius maximum number of oxidation states? 

| (b) Fe (c:Cr 

color hydrated form is: 

■al Blue (b) Yellow \ ic) Light Pink 

^hicli of the following metah show more than one oxidation state? 

ia) Al (b) Mg C vjcj Fe > 

tj tited qj g c atalyst in: , 

a) Brikland Process (b) Contact Process (c) Haber Process 

^Kng the reaction of Ammonia with iron, it iicte ^sliotli'irkryc-imd o: 

(a) Ligand (b) Add (c) Iron 


r < 


■rl ■ 


Id: 

d: Ca 

;d: both b and 
[d! Salt 


ANSVVERS to multple choice questions 




(ii) Ans; (c) It has comnlptek filW d- subs hell 


metals are actually Cu t Ag and Au. These are 
'tion elements. 


. V 
7. 

JTW 



' bb *ca 
Oletectioi 


tls ‘ (cl Zn 


L ^i*e i! has completely filled d-subshelL 
nic configuration of y>Z n ^ fAr] 4 $ a 3 d 10 


The electronic configuration of 3a Zn is jAr] 3d' 1 
Thus, it has completely filled d-subshelL So, it *h<.-,v> 
f 2 oxidation state due to lose of 2e’ from 4s svv-:-.,- 


f(iv) Ans: (d) Transition elements 


Transition elements have almost similar size.; and atoms t 
the, one metal can easily take up positions in crystal lottic 






02; Give brief answers for the foil 


/Jfr / &r*; 'J - b f ! ?: rn rt r„ r_hlf f- rj ft % ifiv n r- fc* m t z n l ' ? 


f- f-ry ; r r '■ 

^ «f * I / • - a> 


- / _ ji 

f 


' / S i!' r ' ' f' f ■■ ^ 


' " J ' r >° ' ■ 1 dV \ f hSi : r ft "Op 

h -,vttw\y V’7 r^r,t /t . ;j , v£ 0 , ,. ' r 7r. • . . 

r fr - • r " * J ■ ** " ' r ■ ' 


r ,r r _ ,r r ■ p *■ 

j* *V j j 


f J r, r, 0',' f; f . rr r- : 


M Why rJ^ the d -hto*.k o %how different orjrJation J^u r . ^ 

: r (-/ \r %H M ;r, f; 0/ v ‘y„\H% ‘ r,wj- 4 V; • o, ■ .- s 


'jWpws of v.' former? - ite/w h r aye S>evera r iji d V- 

;'3f d r : - are^y w,o to olr v W s f;i^oFoV ;j r, .. 


Mocfrf wdt-t-/ \'- f w fiWrmr# hr-. ota-eo 


0/0 Mr/ stow tfrr; maximum number of oxidation vloh it, ui 


J* r . boo-juv; Mil ter* |#o 


twrorr, if, y-- o 


G»r w ftijy ^greatef the mmitw Qf unpafred{gl ectrons f greater the 

j ^ to 7 


1 yU, J’ : j. j '9 i r f 


¥T^SK 


v *TZH! 


• * 


•* ■ 5 - ' * i *:i 


S v^Jy 


VsT 


W ‘ v - . A “1 ' 


V 
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Tfie Lit irate Stor'd For 5tL’3efiT5 



f| i and f-Bbc k H Ifmfi tan 7 Van 1 1 


* atl t h'tln-nfi 


(Sedions in bond formation [ | ent ,, . . . 

.Ration states of Mn .ire. ~2 ,'V X : 

- — . ' ' ' "*■ + +6 and f ' 


cv 


f ntti ‘ f r f ti + Oilitry f C- f..,.-- p, ,f.. 




jfM 


dou(l(r 

. jg^btejattcqnMnslhwo salts cr V - <„ 

saif 2 mcs. ■ «- ™ 


x vtittipf 7 


ma 



X compounds contains comply., :o, , 

^iimatc covalent Bonds - ' ■ ' ■ ■ ■■■ ■■■ 

J ^^K,[WCNU 



• .O . *ri. TT,2Ui' v^ r . 


. -r. ■ Aj - , ' 


s double salt does not contain comph . 



£*pldta the following terms: 

tfUgond 

Tile fliorn, ion (usually anions) or 

fanaling the electron pair Is callvd liqui d mo r ' uii *ihdh surrounds tin ■ ceiUroi metal atom or Ion by 




irt & l Eri G NI JaB K,[Fe(CN CN is tire l, ;,v,d 

[Cu(MH 3 ),]S 0 4 and (AgfNH.; ) Cl, NH is the Ikjar.d 


y- 


t 5 

ibsheltjwiMfe 


'I Coordlnofjofi Sphere 

central ,, tUt ral atom „r lo,y alon^ u ith ligand Js called coordination sphere It is usuotl, nh, 
ire twflcfcels, It motr be „ cslth-ch churned , pla 


ib 'hel H .- ' " ,ny be P° sl,lBcI » charged, negatively charged or neutral'. 

slates' 1 ’ 


ced in the 


lnK*[Fe(CN}J, the ion [f-e:.CN\ I ; is the coordination sphere of th;s complex compound 
paired! ^ rcu(NH ’ l ^l S0 -i- the iori [Cu(NH,) 4 I- is the coordination sphere of this complex compound 



I) and 

ie with 
nplex. 

if a, 


y Central Metal. ■ — „ 

or Ion /^ usually a transition elemenfTliTs surrounded by a number of ligand*: 


Samples; 

1 In KjFefCNy 


is the centra] metal sort. Six ligands (CN ions are surroursdino it 


j ln ICu(NH 3 ) 4 ]SO„ 

' ii ; the central metal ion. Four ligands [NH, ions are surrounding It. 

JrPfOCfc- 

is of 


foirji are converted Into d ichromate ions? 
equilibrium reaction of the inter- conversion is: 

2Cr<V' + 2H + Cr t O/‘ + H*G 


th* 



^ an ac id is added then extra H* ions are added to this equilibrium. Hence, according to(£e-ChatJier'< 


ft- 

ius> d- 


^cip|e f the equilibrium shifts to the right Thus, chromate ions are converted into di chromate ions, 




i 


er 


X\ 


0 I 


Adding hydrogen tons forces the 
[position of equilibrium to the right 



+ H 2 D 






* 

V 




■*£ , ■ s* *' h % % **.*- ' 

■ ** y* "* ' ' '^ r ‘, •- 


4 *•' > 


' -v 

■ .. I***®™™ 1 ® 

t-V * * "* i ‘-W 1 '■** ' WTTT * 


, \ 


:-'i i r I £■ :-l r- 11 


IT.1 


r J ' fn»mKlriy i rrfrrtif fifturdl p (J 


' % * c 11 ' E^i'f uvi’ji uurl 

I ’ ^•'•••^•s ^jracted into the n^netic field «k capd paramagnetic and the phenomenon » 
'•:• ' ■ ' " ■ > div to the unpaired electrons present hi the substances, e.g. Mn i f >i •. t \rf 


„ 


- ■'--- > .■ uvs »s ;^:v &ightly repelled by magne 

At ^ - 1 1 1 . , 

"-• h’-"s e.g. . in ' ■ ions 


ciu: field are tailed diamagnetic and the pi enoTfienon 


t'.siv. '[ is «ound in substances in which ^ven number of electrons are pte^ea: n: id bus hi 




O 


h What i?rf i ad vantages of Potassium dichromatc fn 1 1 i rati ons? f_ 

* r otasssum dichromate (VI) can be used as A pr imary sta n_dard.lt means that its stable solution of accurai 
v.e Titration can be directly preparecT6y weighing it. 




on. 


ClS! 


L j_ --.■ 

1 ■ I. 


bichromate (VI) can b,e used in the presence of chloride ions. It is possible if chloride ions are 


■iscr.: in very high c oncen tration. Thus, no unwanted side reactions occurs. 






i.x Holl does dtchromate ion converted Info chromate ions , 


- ne equilibrium reaction qj the interconversion is: 

200/" +(2HV'm — - 0 ? 0/- + H 2 0 

Ift T^HroxTd ejg ns ', are added to this equilibrium, these react with the hydrogen ions. Thus, according i 
Le-Charl:er's principle, the equilibrium shifts to the left to replace them. Hence, bichromate ions 
converted into chromate sons.. > ' 


Ac/iliritj Jiydroxide ions remoues 
/ tin? at- hydrogen fmij; 

\ W' 


I 


' c\v )< 



/m 


2CrO/ + 2H 1 


Cr,0/- + U 2 O 



The rgijJJPijHimi mows to the 
left to replace hydrogen ions. 


3 : Give detailed answers far the following questions 


i 


(I) (a) What i*f the valence shell configuration of transition elements? Hoiv does h affect fiip fb/iou mg 

proper! ie.Ni* 

( t ) fihidiutf rnerf/y (11} l f arattiagtudl*in (Hi) osidufjori sUilt-s 

See Page 69 , 70 

(h) What ate fyr>J* ni uttfd hum ftiiiiv/fJdN I’ii'iMi'iJi.v!' 

Sr V PafjC 67 

{ r) lixplaln catalytic Activity of transition elements 

Src Pi if {C 7 1 

(d) Write comjyf tuition, properties ami uses of: Hiii.vs, Bmim/c niuf \u^irnintt’ u/tiH'S 

See Patji* 72 

(ft) (a) Usptain different of ligand with r^cimptus 

(h) Octu rihe the rtihlM for the rounltiioBois comple \c* u iih e\an q>/, > 

See 1 Vtjr 76 

( lfl)(a) 1‘Xplutn fthapt’K (truiofUfin of cohns of eoot JJu<Uiup> cotnpoumi * 

Sea Ptlge 74 

(it} Helots the caordlttotion iwinlrpr of hm* u> the etystal stnu tare <a t^e tun - - , 
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t ii ■ ,1 r l >JH . , fpO 

k t KjPft tj 

M' jP'iOH -t\H, fc SO, 

^ fi) h. : l ti,C> 
iu * A j_ 

Pi, AH, 1471, 

lA&SHt i* C/ 
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ivc.^rr 
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fa; a?' rS .V a c. — .. -. . 

,r P L^^siunsfirvijcv^rji' ? i — 

,ii> S* - it ; ■ r\ kv . r j 

l i;m ]i'f;.,r:nti!]« cc-ppet ■■ S';Jr^-a:c 
• f‘ At" v«s*:h/arapJa?: 'ia:c “ 

lit Die Mere leirapm; : ft* ea*£*a ' : C - i 


l t- v-£«- .if a zatsl&t 

Ser r.’^e S-r 

j H ,H* l 1 a e' i t*hra ft* i um i 1 S c h an a c 5 : a c 

See Page S4 

c. Discuss ^tusslum a.chronaie , an-' 

ahvniiiin . 

See P^ge S'" 
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Murks: 17 


■ % VE "_ _j Each pan carries one mark, 

- z;fi£t7cnlc can^zumiion of d-block elements? £ 

3- r,-l I ns* E - - J . : ' ' ' 1 7- .- 

■ : r : .0 ~ = - t z 5 / >f n . - K,Mn O f It 

- C ■ * 

'*'■ * . ■ ■ 'o-_: ;.n ^ does not shew; c-ortabte i-2?enc .? «-*. 

B.Zn C Vr. E Ee 


'. 5 sii - £ 


' ■: " n/ :k* ;~ t>G^ir.g .5 pcrz-nzgr^tic? 


— "S _ 


D, All of above 


tyfarf^flioifoTi o/Cu in [Cu .VH j k X 

3. dsrT '. 


- ul.-l 




• • 5 c 3 ror e'e.-r:- 


1 r _. 


lent* contain 

~ -'- — 2 ^ r . Os C, Cr MoAV 

. eisT-e-’i crro their compounds ere coloured due to splitting In ■ v,. 

“ ■">- fc p .. ” .r rr 


j r ■ 


A- d^orbitai E f-orv," 

1 “-it triTtsirlo-n serr-5 e-ii or she element :- 

“■ 2 Os :.-. _— C. Zinc 


:ur 


. -e cxj ic'ir* izi:-: tf re - K, ’Fe C. 1 -' . ' is -*■ 
A -3 3 -2 C, ~! 


D -4 


77: si' ape o; 'Co V rU -- ' ' f -* A 
A. Tetrahedral B. Octahedral 


. r.e t;rer§ih of b:r. iing energy of ;rz~siiton elements depends upon'./. 

■ ‘ - "' ■ i •' .: •: - '- ■' '- ' - ' 3. r.i:rnb€7 of unpaired slectrort 

'_ - — ., - : - ...... p \; __ _ _ . : , ..... , 

xt: If tie zdd HS0> to the origins! Lun^dium /j solutfcr If products ^ 

A. b-- j e icm 'j E :- -.y ‘ or.: 7 1 - of'- ~ ? - - ■ 

Mil. A . e.t rr — : : ,p.> ere _/. 

-• B. Yellow 7 ~ 


■r-* 1 _d- ^ . 


Jd- i re cxId-il'S’i 0/ CH : 0 H Is carried 1 out ufih tt.^ich 0/ the /oHauing ce'-afyils. -?C 


; -'7 


C Zr.Q+ 

ju: -Aci-dj^td hCMnO, zc n ii d_'_ 

-. *eo -C " 2 5 ■ 3. Oxidizing spirit .. ,_, = " _ " . - ■. 

^•3 3ri^5 zi'.Oj contci.^-s ictlcn of ifte fcltois. i.-.g eleme.its >- 

-. C - ' “ B C u Zn 7 


D. ZnO-Cr.O, 




1 /_ 


■’xcifj fren Is used os a catalyst in r_ 

A.. E--.br :: ? r 0 c i 1 ■. E E-o ~ ".s. 




C Haber Process 


SUBJECTIVE 


iira«- 2 35 Hoars 


S^ctior. - B Mar7=> 4z 14 x 3 ± 42 
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C»2 Arrempt any FOURTEEN parts. The answer to each pan ahcvld cot exceed 5 ic 6 I n Si 
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A Aral s :re '7s_s<£ 


' ' 7 : ^ 7^ j: - - ■• 


: 3 Hr/* doe uar*c uvr orsuad :'r.- 


jpfi :c-.‘ — les: :;r re 


- ^ irun - 


re loBowing co-ordiruation: compounds 


AV. r .f-7' 


I'CcErrV/fVAjOg 


7 , 2 , WTiat ere CotTpi^oa 

WrEd ^<terr^fjc n>arnc ci the corapkx ti 'nC , 
c Fe :+ :iors dc not e^-st tn sciu^or 7 J 


w) 3 
Ivtf 3. 

b 


7:.Cr 


Ho a chrerrate icr, CrO/ ) cotrvcrted sno d*chra| 

Drs* tfw jee-retre sh^wof co-ordmac-jc-n - wT.ber 4 sct-^js 

ox>da£iGn state " 
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Attempt nny TOO que.tlon. All y.^H.inn. carry equal mark, i *1 

; scsssr*^~S2 ssr 

t Whal aie ihe UK of [»la»iuin permenflen““ in organic chen , 

a How doer hexnaqunmangancwflll resell with Ihe Knowing' 

in hydroK.de ton* '“^“"“^^cornpoundiT 
b. Whm n geonwliy of Ihe fdtotmrrg compter . I 

(r! (MrCJ.I*- hrillCuiNH^W MV { ^ lwi:e „ penulphate ions and iodide 

f How d&uv iron ocii oa a cainjyti In ,pw 

a. Expirnn catdyUc AetMty of Jromition element 
h What » a ligand? Who! are d* | VP BS 
c Writ. IUP/VC nmnei of the 
W KJMCN1J M IB a. i lV^hOr 

(iv) |Co(NH,gCI, M [Fa(H;0),l 


(in) [CrfOHljtHjOljl 
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- • . • ~:c'" .Jc^.’s uaffc O’lf o' cor: ro, o' .”:.t 

:r e;> der . es 
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" '^.r. car? : n an ’ are ;c oc included in orqanie comoounds 


f. fJ.ff 

-.. "/ r v, • " , C-. 


CO 


... i 

, ri. C . • 


: :. d;v'.:cc C : J 2 . carbon disulphide -C>; , Ludviuites : \ 

::;:cynatoi -CN' 1 etc 


V' 
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:o: C,-- ' 


/ u* O'; dj 14' r J t ';/■<: i ! h c main vo tv roe v oj organic compounds? 


sauna s or organic compounds 


f otnll f u*ih 

7 h*' 4" fid remains of Holny organisms arc called fossil remains. 

[ * o rr .- ■ ■/. .( 'r . rj •? rear, is compound--. are coal petroleum and nntui il ga.s Thu-v uiv cdLvl h . slI .:,■! 11 

o. Kwsir.V' Pr,e> oft' t or- v from fossil remains 



• ( : n,r i ... i j- .r source of organic compounds. 

* ft juAila i -.h- " r . coal- far on pyr« jlynis or destructive d bit illation . 

# op rTr 1 1 ;jr / j . jioani* corn pi >ur ids have been < liredly isolate, I from c * ;.. i! i . 1 1 

* p ■,:■ £■ i , „•■ i r products form the starting materials for the manufadim of lliou -u ■! i , 
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( ■ -\v t ; f - 1 , i, IJmftJ: f.trf U 


. ■ ■: StV;\c our . thf gfOMrd fhj's liquid is called 


■ - s l' Tmtcsition \'iv.<£> ,'ivTOKli.nt] so its place of 




•< 


:c-o HC Cl-];, 


Pio-]viv Ci t :i Q l-CF 1 ? : 


’ -"vLVi 4 ;CH 3J 


* 

* 
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si tii ol oi'ij*i[Uf mat tor. 
C-. ' ii i J Punjab. 



. i ■ . suitable methods of 


L y 

( ,r r 


f gn 


r : rrjTfJ !" ■ ' -i •'■ ; ‘.'tn t . ; ! proving fjiis and 

i i ir !: hormones, vitamins. 


PAKTtAL AND TOTAL SYNTHESIS 


ffi * h ft>t * fifth t tiwtntrii from mtiuml smio n (e.# plant material or etmt or petroleum 

¥i* f ttr* o m i ns > I < rinet material', io prochu e other ortjmih molecules is Cullctl part ini synt heats. 

fit* fsireims hi .-j ft U h tit t ttrifunir truth < ut< is s pm heslstnl from \imitt amt rheap ivtuUty available 

mtf let wiern /* * ailed total synthesis 

* C-n-;,.' ora,;: • ■ ■ • : iron j.iiroli'um or < nnl hr- l -n com or let I into thousands of useful 

[ i ..a If t \ *4 ■ *■; hy v> i ,1 r >i*t i 1 method', 

# V/h firi.iin' • hemi .-in, is rr|.ni!-d Ui aim every j itiase < 4 life 

I *ampte*; 

* Mm j . 'a- r’-'-.e ( -i ■ .■ , a i- I . . • : j ■ ■ e -l.i i i the ■ >\ )J nm i ■ It n tuihLr.il .oimes. r.g., dyes. 

ruMn^i fit v ptfi ,ii ( "j druqs Vi I, ifni ns 

• hi many filters tlw v/jiOiHh . me -i ' nutm.i i i] turnuP |. , J syrilhelu 

dyer ate aijmuioj Jo those' jf natural oinjm 

• j. , ■/!,.:■) • .••:•. ", /Jill ic'l n ir .. ih rusl .iEl- ('[Mifi-ly ill ih \< i-vi i m n.ilnrr au.l till t h ». ■ rn jiiiu n u-t its in it sa1kk\ I 

Ui-Mto jjny fjfhi-r wmn*' * u*, Hher <jjytul. Id' ,tn. a-.yiuns .uidlJii- siLlpha ilruif. 


I I HMt NIATION 


mm 


I n tti* t r iultifn is defined as ill* prtultn U*m uf eltemhalti hy the tu'thm ci / m/i io-m ^uiiJ.vni. 

}\-j ffmploytflU Itmh, u^-ful snhsi.inc -mi piodmoil indudi[U| aLsihi'l’,. .k ids 

vifimtriirtnd iinllbkjtia 


(WICK quiz- I 



\t) t)*jh\e modem 4*flnttton MW*** cbvmi*tr\? 

fry /* thal bnnit h of chmulmy which dmt* orjfh f/if sfutfy of cowinmnd- 

it it h ■ h I 
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2 bnbsr r;fi‘‘V 


1 1 U,Vft - — 

~ fn ‘* J ■ ,r " :rM( pruduct.s from petroleum. 
j ■ ' ■ j’ . prpfXJred ■ wffolt’U.'Tl 


Benzene CJ \ () . 

.-■'..J 


! due rid CJ-l^CE 1, 



' 4 ) U-’hfii are ? 

/h'kciioids area group of nat-.roil^ occurring organic compounds which \:re mostly niimnrn 'or.u, ■■■ g ■■ 
e.g. quinine, morphine, strychnine 

However, some alkaloids are neutral and some alkaloids having similar structure to the 
have been synthesized in laboratory as well 


( 5 ) D eflrt e fe ftn p n t at ion? 

i-errner\Uition is defined as the production of chcrnkute by the action of micro-organism. 

By employing appropriate organism hosts, useful substances are produced including, ak oho! 
vitamins and antibiotics. 


COAL (AS A SOURCE OF ORGANIC COMPOUND) 


Coal is produced by the decaying of trees buried under the earth crust under the 
temperature and pressure. These trees got conceited into coal. 

The total coal reserves of Pakistan are estimated by the geological survey of Pakistan l-v C; ■ “5 ’ 


ESTRUCTtVE DISTILLATION OF COAL: 


The distillation carried out in the absence of atr is called destructive distillation . 

Process 

* When coal -is heated in the absence of air (temperature ranging from 500-1 i J C ; it 
coke coal gas and coal tar. 

Coal tar contains a large number of organic compounds which separate out ,r. h i : . 

The separation of liquids an the bftsfs of their buffing pa frits is cnffed/mcltonal d(stfffrui(?n 


COAL 


(D^trudl^e Distlliatiuni 


l 


* T 

Crude Coal gas Ammon leal liquor 

[Frectianni clJtf (ff Qf Jt>n| 


T 

Coal Uir 


Cokt Cj'fr 


on ■" jh 


t + ▼ T 

Benzole Coal gas (Methane) Cyanides Sulphur Compounds 


Ff-OilHim i f i IfJ.i; n 
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CHARACTERISTICS OF ORGANIC COMPOUNDS 


' fr UHre thnir ' tf>*’ characteristics of artjanU compound from lm)r( t NmjV ronrpnii’irJs. 

■ r H ; -.T:i inorc^ik ;vm pounds ■* : thi'ir ; ;t'iitTdi 


is huAy unrive'.i, , 


rib< below 



y CompOflR^Jn 

Otbon i< an essential . .mstduent ot all n janic c.-mp jiuis 

2 CornbuscJcm 

OrtJ^nic compounds wifi's high per. . n uv\* of , ■ L ; :1 - T L -„ nidust-hit.' in mtuic 

3 . Me/(/ng and Boffin^ Po in it 

Organic compuu rids j* reruHy h j, rv;,. .titi. ; and • ,:n ;• ] • an • as\ vcirtti.s’ in lUiiLtiv 

4 . SofubfRty 

Organic compounds with rv.r:-p n '/:> ■ s ■:■ ;■. . . - d .: V- .•• . ■ ■ ... :s -u, L .^alcohol, athei 

benzene, etc. Thcv arc less ..s'u ... : \ T 


5, StnbWty 

Since organic compounds hu-.v i. a t:., !t=--. j <*:;/ ■ ilmg 
temperature into simple subs'. mces 


vn* 


^ae-se at luqh 


6, E/ecIrJcaT Conduclitdty 

Due to the presence of covalent bonds, organic compnun :- ■ ; 

state and in solution fonu. 


t hit it hs 'tli m fuse ' 


7. Source 

Most of organic compounds are obtained from plants and ar/.m :l ; 

8. Rate of Reaction 

Their Tates of reaction are very slow and need spe* ifn conditions 


QUICK QUIZ-2 




A*. f l • * . w i # • 

■ ( •"•‘r % 

f l ' l 4 '■ - I ■ * 


(JJ What Is coal? 

It is a black colour mineral. Coal is produced by the decaying tus 1 - J|( '‘d - 
influence of temperature and pressure. These trees got convert ed ir.t* . -1 


(2) What are the products of fractional distillation of coal tar? 

Benzene, Toluene, Xylene, Naphthalene, Phenols and many oth: r ompoun 


(3) IVhot we obtain by fractional distillation of coal gas? 

Benzole, Coal gas {Methane), Cyanides, Sulphur Compounds 


.irth rust under the 


Exerctee Q3 (Htl How organic compounds are used )n cur dally lije 


USES OF ORGANIC COMPOUNDS 




m 



-,v< , . T 


' ■: • 


No field of science is so closely related with our daily activit.es as is organic chemistry. 

• The food is mainly organic in nature. ...... 

. The food undergoes changes in our bodies which are organic chemical reactions 

. ,1 J of nur bodily functions involve organs clivnustry bn 
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^ s i - OrgtUffc f o,frj/J f^tri ,; 

* ' ■ ,lf - f ',: ' ■ ' . • . , . 

, ■ - ■- j f ' , r , 7' 

r - r . f^rr.’ r ; < ■ ■ i r , 

* ■ ' M J -.+■ ;.• - f ■ , , . r 

' jJ ' j *- j O - , /. •:. . 'i', '. . . . , 

* • ^-cny 'jf _■■ - -f-. rr ,^V. r 

^•'- , O'. ' . V-'J ' - - ■ - ■ - '.n* 


% 
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r • - 

1 r 


- 4 ‘ “ ...... 

^'. r r c '. - " . -. “■ 


*■ 


* V .rr.por^;.‘ jv ; o: vy. 
1. Food: P:ot€:r.‘: :V' ; 'jz&yy. . 


2. Clothing: 

t * ■ 

* S\r.-.:.eri' f’.be; 

3. Sbeflerr f -'.OOC 


4. PaLLcr and Jranipo run ion . 

Nc:_:i. vi: pcrros^urr &j . 

5. Medicines and Drugs ■ P-?: 1\ 

i 1 ’ ---^c 

i. u g , ■ Lji. _ — ■ : . - ■ “ ■ 

ccrr.p :. -r ~7 

6. Insecticides - se ~ : : - -i 


7- HonT.ones and Steroids . '" I'.i: -" 


9. Antiseptics end Anesthetics 

10, Pigments cr.d D>e s; 

] J. Paper snd /n<5 F 'per =.“i" 

7 2 . Perfumes or. a Factors - 7 _: 

13 .Plastics Rubbers end pesrns ?.ir.7 

14. Prope/ianu end Explosives 

15. Socps cri Deserter.:*. >--=7= T _: 

J 6 Herbicides : i 'zr -n _ 

J7 photographic /Him end Developer 

IS ffinJo^frW FiuU e m* Qjy fr Chemis 

Mofr of hsabjjc pr ^ 

e c agaf : 

TO-i 3T ” 







M r , r ' i r f ■ r 1 1 

< ! j 1 3"' k' ' ■ -.n n:,wi ■ - 


5frwcftirff ‘tf I hi* l-v ftf'lt* 

* T '' £i - D F-V-r ' ■’■ 1 " 'I ;■*■ Mil t . ,] |- *i r -■ f f- f- •• ' 

'■ ' |r i r y& tf r - lTls ' Sl "^ f h-v ^Tr iMU-'l f * i K ll \\r, 

* The -JTMJ ..i of t } k • i t | r, i r _ (i rUK i ,K rn^ul, , 

« 7 he r.sjpl'OTl ^1' Tfr. S. !• i ,vnH m.i'.c .1 1 ■ 

* 1 he Fif riF ik?riilr 1> 4 -.. j» r ,5 i:h n 1. ,■• |l M il i 

hexnrjon stnK (nr*-. 




fj) What arc allotrapes ? 

An element may exist in different crystalline forms. I he?i-‘ forms :..t .... v 


is called allotropy. 

ffj C (as diamond) _ — in cubic form 

(ri) C (as graphite) _ hexagonal form. 

Ik 

(2) D«/)n<- <hr third oli<«ft>plc/omi of carbon, 

« In 1985, a new group of allotropie forms of carbon w as c,;s. 

• The fuB name of Bucky Balls is Buckminister Fullerenes 

* Scientists named it after an architect Buckministcr, who dev 


Montreal 








P ' " f-i* • > - r / -■ - - 

* ‘ a a f , j, . 


The symbol H- is used to re.sre ,«>’ 


r ^ -■ -■ .-■ 

■ * * y ; ■ ■ ■• j j ■ * -*■ _■ 


Thus H- tun he CH S - CH,Cf f 4 - 



" V 



valence by which the f major T. ucc 





* The f u ncti ona I gro u p is t h e a ct . c n -; r o 1 j p 



,.t 




• Each functional group undergoes character; vie T. ■ 

molecule, it is possible to predict the rear; or s h;cn v it ms is ;_i ,... - 

J 

Importance: 

The concept of functional group is important to Groan: c chem:s:r. ; .• - •.. . 

flj Functional groups serve as basis for nomenclature naming of erga u ■ - ~ - 

(2) Functional groups serve to classify organic compounds into classes \ 

same functional group belong to the same class 

(3) A functional group is a site of chemical reactivity in a molecule Comr\ sn,i< ' 
similar chemicals properties, 


Remember! Abbreviations for common A /Icy IfAiyl groups These are to be used tn next re.:. 

Methyl (Me), Ethyl ( Etj , n-Propyl (rr-Pr), isopropyl (i$o-Pr , Phcriy ' Ph , 
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I' ol lowing is the list of some common f unctional groups 

Some functional grou ps: 

Family 


Aik an* 


Alkcne 


Alkvnc 


A rent; 


1 lalidc 


Alcohol 


Amine 


Nitrile 


Njtro 


Hulphfde 
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St rut ture of 
functional );rnup 


Containing only C - H and C C 

sniyje Vxiiu t 


s. 




c ■ c 



- <: •, c - 






I .. 

- C - X: 

l " 

(X = F, Cl, Ur, I) 


- C-O II 


i .. i 

- C - O - c 


I .. I . 

c. N II C N II 

I , I | 

II 

I 

C-N- 

!_J 


I 

C-C 

I 


N 


! 

_ C - 

I 

_ 

- c 


+ J'O 

N V.: 


0 

1 

s - c - 
" I 
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Sim pit- tty fii file 

tih~ 

HhaJit: 


f ? C ■- C \l } 
All c;ic 


II C ? C 
iirhvju 


/ 


H 


/ 


f ✓ ^ 


II jC - Cl: 

f^ji 1 1 . . v i _ , . , . r i J j 

( C uj ra nwal -■ 2 ft 1 i A 


J . I C 


Mein: 


J [ ,C 
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Me:h\ 


Mir 
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QUICK QUIZ-4 


‘If WL'il urr <j*- n *■ r n l n-.uifj K j*jf g ik . r c-* alkvr r** ct/jk y r; r- s " 


/-Vov f p ' “ jr , . ? 




-y< 


- ;■ 


7; Uf'/p^r wr* J hftTrtoloq* y 

f’ v-- i'% .% /5 v." ■■■'j v ;» -' 

# 

ir^fr/idu^J v ifi'J r 'V- ' o:v; 


£J?f Jf'V*' 


i r:e 



orron^ f f/wpound^ Pj vrrP-V’'' 


, ..f:-;": . v, :- ,. ■ w,:/ , 


The large n UfT( ( A ' '■ ■ !» 

s^vier due fofkiv-iivj rtf^'/^n v - 

* Al compounds in the ferte* can be prepared by skniiar methods 

* All compounds in the series I --ave chemical pro.xr. > 

. 'Ilurrtf * a gradual variation ir. phy^ property v..th incre^iriv nr.Ors ■ 


.-:- - ••■ .'i ■ e :or,? s 


,.^r weight 


f wtoqj (O) Glue thr the 

• Carbon is on essential constituent d all organic compounds 

: -« Q- ~ - - 


<A> DU l ( i ION orCAHHON AND HYDHOGEN 


i * ir / mmooiind is with CuO in ^ 

* A small amount of organic compounu « 

yk%s te%1 tube a* $h</wn in the figure, ,widbed to 

a * On heating the mixture carbon and hydrogen are oxidized 

] CO, ami H s O respectively ms ence of carbon, 

I 1 CO, lumi lime water miiky whtch P ^ PI"* 

1 ‘ ^ 


Qrg*dC 

tcnrfoiirnHfl 


L -’» n'lrtr *''' ti **'*"* 1 ^ 


,:fr? .'. alercr 
Arm'irjfuul C'- ■• , 






K 


'■ it MS- ih 


iTffJi r 


'"l/N'J ituf'. 


Kt'nt -llori.s 


C + 

COj + 


2CuO 

Ca{OH) r 

; I I'jjij’ *>■ ij r i 


M s +■ CuO 
CuSO, + 5H.O 


— } 


rUfJurj 


Na + C + N -* 

2Na + S - 

Na + X +C +N -> 

No + X -> 

where X ^ Cl Br, f 


The teste /or nifrogen, sufphur and Mogens are performed wfth Lossaigne's jUtraie. 


TEST FOR NITROGEN: 


Method 


Reactions 

Na + C + N 
FeS0 4 + 6NaCN 
4FeCl 3 + 3Na 4 [Fe(CN)J 

Note; 


If a blood red color is produced instead of Prussian blue color then it proves that nitr 
are present in the organic compound 


Na + S + C + N 
FeS0 4 + 6NaSCN 
4FeCJj + 3Na 4 [Fe{CN) fi ] 



> 4 1 rMJ.eJ J A . , ■ Jf ? >WH ijl Jjiti s m t 

t o f S n hnta ft So di u m 'Ext ra c i 

{1 '? t-ul a small piece of sodium metal usth the help of knife 
'.2) I hit this piece of sodium metal in a fusion tube, 
fd) I lead the fusion tube in a flame to melt sodium metal 

( 4 ) Alien sodium metal is melted, then add a small amount of powdered organic compounds into fusion 
tube. 

(5) Then heat fusion tube in flame till irs bottom become red hot 
ffrj Break this fusion tube in a chine dish: containing 20cm 1 of distilled water. 

( 7 ) Mixed, boi! and then filter the solution 

fS.S I he filtrate obtains i is called Lassaingeb solution, or sodium extract. 

(9) IXv-ide this filtrate into chn c pou ion and test the presence of N. S ad (X) halogens respectively. 

/ieflciforis (Chemistry of Preparation of Lassatgne's solution): 


NaCN 

Na £ S 

NaSCN 

NaX 


To one portion of Lassaigne s uluate a few drops of NaOH is ad tied to make it alkaline and then then freshly 
prepared ferrous sulphate (FeSO*; solution is added to it. 

The solution is boiled and a few drops of FeCl a solution and HCI are added to it, 

The appearance of blue or greenish blue (Prussian blue: color or ppt. proves the presence of nitrogen in the 

organic compound. 


NaCN 

Na 4 [Fe(CN)J +■ Na ? S0 4 
Fe 4 [Fe(CN) 6 l + 12NaCl 


fPrtiijJcn fcfur C&I&J-J 


NaSCN 

Na,[Fe(SCN) 6 ] + Na.SO 


Fe,(Fe(CN) 4 | + 12NaCI 

0/OOj tt6 tolorj 





4, 




I* 


f (jrfi,*- r - r pi 


Lii ft* 


I’ T -> 

• ^ ;/-■" -v 


^ * ! 




4 


'> •. \ / ■ 

. :, - il ,. 


*■ '■* * / 
- y 


frf rtUW* 


E 




V ~ 2'.)i r r ,i ^ 

H.S * 2 CM C < >(> - \r. t 


H S - 2CH COO 
• 2CM LOOM 


i? *<"" 




# r*^ - 




iffTfOfl H/W OM 
Wk>** 

* X ■ : ;/; ' v v ,- 
p 7 v v£' ■" i f) , /. : ■ 

* 'TV# fv" ,r .-:'-V .' 

S •; /. ' * o v 


DETECTION Of 


■ 

* taprev: 

M f 

* 7X< VVA- 

* f rp n +tf '/S.. 

* A M-vV • . J - 


*< ^ ■ *■ • # 

jr yj . • 


_ J> / * ' ' ft r . ' ’ 

X v 'VJ * 


A-j X 


. “II pi * IV 


>, ■ 




•'■ ■ ’ - £ ' - ^V r 


-r. : / 


the 


tc#i 


F«* 2 ; 

* Th« V'C/zf^i rr»e*V/- • ‘ r ' •' -• '•■' 

!OHj c*-,.: . '/jOH < ^ 

* If *A "f.i-v- , , j'U'' v “«£•'; " ' >!' ij • ' ;i '■■ / >‘! 


r t 1 4 * f 


:vj, c- 4 

i to cr'jf fv f , , .<"' 


,5 r V,, f •*' ’ *■ 


h* 3, 

* Ih* iUPt for v/ /- ■ - 

If it y fiwr> Jf <d 

* if the turn of thew ' ’■• 

thu* confirms 


0 DETECTION OF PHOSPHOR 


i (• £ - f * ; > 


I / 


• The told pubdanpe Ip bested uronqb' an oxide 

■Maw of sodtoin carbon** »A ?**■.■- ' 

• Tt* rih' nhrm* wewnt m the vMm* •«'- ’ : /l ' 7 

tr & pry Apii JFi* I l i ., ‘/jettf i r ^' '■ 

• The tmdm ti extract w ^ r 1 '■ !&*** m added to jr in £ ' 

• Then . hot v**kn <* 

• A ysfa* coloration of precipitate ,h< 


i? 


Of I ACTION Of Ml TAJ 


A'wM 


Ai f 'f ■ 


■. j ;i 


■...".: • r- •■• ■ .■; 1 . O’- - .: 




; -. ..51 1 1 ' 


.. • •..-•••: ; ' f , ( -if: 


" r— vu orderly of fiatinum- rill p *' i ^ - 

* An incombustible ratdue indtoWd ^ lk , c -j fortbepre^^^^^^ 

* T^ie rfe^jffue ii 
UHial 
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Nicotine 

A t'\ i n sect i c ' fie o c . 

Menthrj/ 

A r u befac le r. t f o : u h sic, » - - e 
b food f f rt fi ? at ,■ o ■ c ^ r -i: rv- j V 

Camphor 

A rubefacient obtained fr^rn Cmn;vr.orr...:n campJv ;r ± 


uses 


■ ;t » t > w v j ' • ■. 't.ix ' 


Rutin 

Used for ti\ e freL.-frr.t’iJf o- cap. ' 


• • . ycg, , ... :: 


Hespcrldln 

I ised for the treatment of c zp. r; r>cg: b: 3::>. d fr 

Curcumfn 

A choleretic obtained from C-ircuma br.ra lunrer: 


CocqJhc 

A local anaesthetic : obtained fr Erythroxyi-im cc:a : :-.d ::-r 

Cqjfefne 

A CNS stimu/om obtained from Cair.siua sinensis :ca. es/Jee and , .:, ;cd 

Bromelain 

A n onti'-i n/.d n i mo to ry d r tig : o fc T a : n e d : r rr. An a : : as . . r n •: >su s -are ay . p : c- 










**¥&xxm n *h*s! Wtwr it ishrtWfb* wnler it 

.r d >« so 5^trr i ^< c ^•.v J < ^"*2 ■* 


i; PoMwk t i<mil 




■5 compound ^ 


,Th more it.*"' or;* * j-*v;r.A 





OiL <• bri -f BKWfMfef <ft gyoWwf>)^.<|Wy»«<'in * 



^ tiaw or jp-oup 0/ atom* m 0 fnok'w/e tto jjtata th 


f<? than wt* function*? grxip l! 1$ iWn ^ * ■ b* PolvfuiuJt 

fa 










The Lie. male Word For Students 


i H ri jU ; ( it 




c i,,r> r* r ifn ( h 


fTflf] * ftftfgt' * hfiTH fr f rtU'ttif fitt, ■ f‘ 

t The r ~— ^ fu’f u'een partial anil lata/ .fyn(/ici/A of org anic rornpoundi ? 

j Qr \ ^ c ^^poundstJso/cifed /ram nafura/ sources picifrt TTKXt€fial Of cod &r petroie j 

ui -. t.s s/artfMtj 7 naUifkih'to produce other organic molecule', is r olled partial ^rdr-ei , . 


tC } 


Th 


f 




-«ss in which an organic molecule is sunlhe&ir.etJ from small anc/ cheap newly am-hhlt- 
,s called total synthesis. ' 


Eiii) 


f/o,< or fi<mlc compounds' 


Ferine 


arc c/er/tJi?f/ by/cmipritatfoa process] 


’■Mtatjon rs defined os th<j production of -chemiwk by the action of micro-orw nr-.f 


^.v employing appropriate organism hosts of useful substances are produced indud 
vitamins and antibiotics. 


o ' f.r.T 




jVfitr Ms coal ? How Is coal used as source of organic compounds? 


H 


Whatsis name of new altotroplc form of carbon? Give Its definition? 

In 1985, a new group of ailotropic forms of carbon was discovered called Bu 
I hese have carbon atoms ranging from forty to hundred. The carbon 
cage like structure They are called Bucky Balls. 


urj, ba! 


r-h * r 


uoms are an 


-T _ ^ha l fs Hoftiologous scries? 


I^m°?° ,09 T S * erteS >S ° ***** ° } Com P° und ln wbtch adjacent members differ by a CH } wU Th 
individual members are called Homolog. 

Example : 

Alcohol series. Its general formula is R0H or C : H -, QH 


I lie homologous series of alcohols can be represented as. 

n R Formula 

1 ch j- CH 3 OH 

2 CHjCHj- • CH.CHjOH 


fv ™ P ' 1 ‘* r ean be&teStedjn organic compounds? 

^ Lggjgnej filt rate is prepared, ahdladdifie d uirh armir 
• The so luttCTrE^oUgarTo expel H s S qas .r- -.' 

gw rums lead acetate paper bfa ckthat indicates the presence of Sulpl 


- C uji 


Reactions 


I- ^ -* ■ ! W 


S ! - + 2CH3COOH 
H Z S + 2CH 3 COO ‘ + Pb 1 ’ 


H,S + 2CH,COO- 


PbS + 2CH : COOH 

■ & tack ■ 


QS^JZw^ detalled answers for the follow! 


* M J 


Ions. 


fjj What are the main source s of organic compounds? 



See Page 110 


chnrqc teri£t>M_g)[^g«^c_£Ompq^d/rom^or^ni£ ^mpo^ 


(Hi) How organ ic compound s are used in our daily life? 
See Page 113 - 


(lv) Write down any ten functional groups of 0 
organic che mistry. 

See Page 1 16 


rgantc compounds? Gu 


t ft' '^ r t ; r 


(v) Give the chemical tests f ar the detection of elementT, 

See Page 1 19 — - ms organic compounds 



Jt -l 


m 


A iSr. ***&£ 

^j£- v >•••-. 


mwm 
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h r ~ . _ 

-*■ ■* - - y _ 




■ “ r -■ - — JT* r 

- - r / V - 


K . 


*r ’ > " 


> r :- 


/. V -5 

h 


^ fc " rt ir 1 

r . 






: - 


XVI I 


/l " ■“ a “ - . r ' - . . 

- • - : . •: . ■ _ • ■ 


T.%‘ cT 0 't 
1 1 - 

■ ■ ' Or-' 


.^€.T- V 


S- - O v £■ ' 

s a r,*T -.s o>; ■' 
•A :.h f •„.■■ 

■' .* r- ■ . r . 

•* I fZ \ 


.ft 




>„! X i 


*' r ■• v ' • v ■ i- • - ■ 


*rfr,K J 


fpectitm - C 









Attempt jjny T O questions, AlJ questions carry £qua] marks. 2 xl 3 = 

Q. 3, a Det;r,e 'v-' - G .-e L :.£ : so-rtes 

b Explain 'he<:>: err: :st?y o' Lassa-gr res: 5 

r. Whai are a :p: sp i: d a_;cyci -c G;ve e.^ 7. » a— a> - > -. 


26 , 


- 7 :i r ; 


Q- 4 . e Define Gv \or.s, groups'* Give corr.Tr or zr.il zrz .c- l z _-. c 
b P rov . de a b r e ( r e ■-■ * , r c r . : ;\ pc r a - c e o : or va-c c orripo .777 
c G.ve names of ccmpG-jr.es ch are e/r,ep:.c7 to tne :• oberr cer—o-. p : - s - 7 


Q 5 - Differer.t !£,'«■ be:-j.*er. oigar c and r. organ 7 cpmpo-j: — v, r; examples 

b How carbon *:a . be de:<?c:ec in ores- x compounds* 
c Give tesl for ‘he ejereetjon of metals orytr..z corriporjr.c; 
d Wh a ! 771 pon.-7 : . t prod jc ts are o b:a. n«d f rorr per rp.e-r-.' 4 


: ;o 
05 

.r . . :0 7. £ re 

03 

04 
03 
03 


7 KV^vA r - ’ r c £ - <=£ -Xe^nx^ ,- v 


^ ~Yo <" \a ^ 7 


C\ 


1 1 C_VsO\ 


n-.r 


O' 


-r Tv,, 

\ 

* 


c _^ \ &^Srx\ t. j 


C77 i. 

... 7 7 T 1 ^ 1 '■-- 


r ^ oA 

■ -oVs. 


-ro 1 von 














oSVjt.^ 

■- — ■ 



NUHta. •WriV?'®, 




1 


ff^PTER # I ft 



/ 


]7m? oMHiv of | ill i?f ■■’pii a,- |,, >(li ^ $ f i ^ 

Thus carbon fw t!u ;>Hiii. u, w n , h - 


1 1 > LI 


■T ■ f"MM - J i . i . . . . h fab . ; . 

' ■ •, r , r 


.n. i * tt. 


i^rocefbons 

Orgonk • r .,i, .. M. r. . . ...... l( ... 




PBS OF HYDROCARBONS 


The h\xUoi:arbcmOMi *> hccn *, i,. . in 1tl 

I n MK< n AUIU >N - 


i 

Ofl*Tl ' f "'" r’r \ r , . |, 4 . 

H y'll I i‘r *i Uh^h 4 


i - ■ i J , • i . ■ * 1 1 




i — 

HjfdrociTbOfit 

(A)Mpie«1 

Ch, 

(Malhint) 


i 


r 

(j i -i 11 

t r'+r 1 


1 


I 1 i L # 4( i ■ i pi -■ _ i 
M y r<. . ■ , ■ 4 


L 


\ 

Alt* i . «■*# 

L_ II 1 * ft 

^ t" iHy ■ « 1 


I 

■'Mu | h Ik 
I I f, r f i ■ i ■ m • J ■* » 1 1 41 

| C | . I I .1 V I h Bl L V i I 

I M 

i N * II 

I I 

ill ^ 

1 11 

I L l >1 I h-<|t» * | | | | 


J * I* . I . A I I 

r i , . j . . i p ■ i ■ i 
■ J [3 *1 I i # ■ ■ H 


K 


I F 1 ll l I 1 4 I i ii j 


PI N CHAIN HYDRO 


mnunrn 


1 1 (|> m I.'OIIS fM M » rvi t'-'ii .tn’iit* .U».n .J im'i <.,I. fi Ju < » *■ f ^ ■ I hi <, thrill- Hie I .iJJcJ t\ ( j. 

dholn ftydrocorbortf 


* Pts or OPEN CHAIN HYDRO 


These are of livo ivpe? 

( 4 ) Saturated liydfocart^siis( f/VK > n 

(Sj Unsalurated hv 'hw O. •• ■ • 1 1 


- 1 / . , \ 
\ 


s. . 


'U MlUR/UKD hvdroc mum \ns 

These are the hydrovfitb'M* fti titoivh ***** ****** tu:J u ' ifh '' r ' u Kl 

* Each carboi \ aton i \ 4pp ’ hybi \y I ' \ ^ M 1 ** ' 

* Theae wev Iw ,, 1 . 14 1 'WV, 


r i i f >1 


^ avowal <i\\ 

why they ate r aHefl ^ihhahM h^h^i 


'i. »"I*.'i. il J ' h 




Examples: 

CH r CH r CH r CH } CM, 

n Penlwe m «««H*** rfc*** aHrfwuM 


CM CH; CH* 


CM* : ^ ^ 









^ >1 ‘ WfNUJV.N 

v ’ ' 1 ( I ‘ /l J t ‘t 1 Ilf 1 1 M i \ i i I f ' 1 1 \ Hi }n Hi I li 4 i 1 1 1 '*1 UK iti i t fit • tf t‘ ffl 't 1 it r f; r . / , , 

’ 1 . • • , j 

1,11 L ' ^ , Hr//i riii' ■. < ■ r i < I iifft ytw 

' * Ol (, >j t - 

J 'K ^ . 

' : '* ‘U^n.-^ < t< 'il P !■* 1 1 1 -v jlri whiih tii Krrivf intt in/boil ntonw Nf*’ \," 

' “ *' OM ’ 5 ! * ' 1 b iTf/u r 

■ v v '■ • '■ ■ ■ - chain os hun if hot 3 chain 


H :'“' — ^ H — CH — CHt-CH 


s 2 . ,- *i ‘ ^2 > 

■- i ■% i 


■’ Mi -.tUiJi t t’htihi (jfceneJ 


■' Aiky/ies? or Acetylenes; 


j -fse Jr*: ihc unsaturated hydrocarbons in which at least ituo carbon atoms arc sn-h^b) i 
c tr !pj'e bond with each other. 


■ ■ * -> t -3 s ' : r. : g b t chain o r bra rich ed c h a i n 


CH— C — CH=-CH — CH 


QHt-CH—C 


'2 Vl, 2 ^'3 
" — " ' a ba 9tra/ijifijr c/iorn atkyne) 


3 ^-Methyj -1 -but; ‘ft branched cfaaJi 


CLOSED CHWIW WDBOCARBO NS; 


These are the hydrocarbons it, which carbon atoms attach with each other to form rings. 


1*75 


ES OFCLQSED CHAIN HYDROCARBONS. 


Theve are uf r wo ’yu^-, 

1 . Ai:cyclic i iydroc arbons 

2, ArOtTuih f . I fyd rr >( 1 irborv 




( J / A i JC YCLfC / J KDif O r AH HONS: 

Nr wbenxtnrdd Cyclic hydrocarbons me idh yoth hydrocarbon* 

Alscydu. %tfrbcajtom possess two hydrogen atoms less than their correspond!! 



v v. 

r J 


t v\ 


^ ' r V\ < 




CH, 


.. 
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: ji * hj* 9 **** 011 * 


E 


''""■tt ; ^rQMA TIC HY DRO CA RB O SS . 

- 'fcnzenoid cyclic hydrocarbons arc k«o«-„ m aquatic hydrocarbons 

bond, ; ' . In these compounds ,f the carbon atong Resent in she ■ sp* . bi 
l • Benzene is the simp lest aromatic hvctrocartxm k has 

and double bonds between cai bb n ~ atoms ■ 


^ ham 


•nv) 




H 


H 




H 




H 


H 


or 




F,e -:z 


H 


CH- 


H 


1. • 

H ^ 

H 




f form 


t I ■ J 


H 

H 



H 

H 

K 

\ 

t 


H 





w 


D, r 


H C C H 


H 


H 



N^l' 1 " " j ■ e " e 


H' 


\ s-} 

C ■ 


c 

H 


C 




c 

H 


H 


Or 


C, 




BBT 


T . - 


3 


UICK QUIZ-1 


I] What is catenation? 

The abf/i£y of carbon atoms to attach with each other to *crm a chain c- -:■ ..; 
Thus carbon has the ability to foitti long chains, mukiple boiuls anJ ■. 

e.g, H 3 C-CH 2 - CH^ CH 2 - CH 2 - CH r CH 2 -CH, n-Octanc 


ns. 




WTiai are hydrocarbons? 

Orgonic compounds which contain carbon and hydrogen orr/y are ca = e\i nyoroo.: 1 

These are of main/y /u?o types. 

The hydrocarbon in which carbon atoms artachea with each o-her -c c 1 ■ . eye ' ■ : l 

chain hydrocarbons 

e.g, H 3 C-CH 2 - CH 2 - CH z - CH z - CH 2 - CH 2 -CH 3 n-Octane 
The hydrocarbons in which carbon atoms attach with each other to fo-m nngsau c y.; . . ^ 

hydrocarbons, CH ; 

es - CHr^CH, 

Cyclopropane 




titrated hyd rocarbons qr ecalled paraffins 

Ali phatic saturated hvdroca^ons> alkd alkanes arefttiab^ ihesc aie a.sc 

Bn: Parum=little + a#ns=affinity). Itmeans Me regciTeity _ 

The unreactivity of alkanes is due to the foertness of a o-bond> nd(rion-polai C H C 
Examples: Methane, ethane etc. 


a.,Cv. 






’I + 

: -1 

t 

*< 

* •- 
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, ~L 


. t; r ■ 1 
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Ci 





v* ■ > ** 


V r 


«V 


I r J k 


>tUi 


ne i j.1 : ! 


! lAfcrtt: P^ GWSerijS 


* 




I ft A, 


j.- fcu*\ 

1 . - • 


■*■ 


4 


V 


ix r 




’, s 


.«* ' 


'■> c. 


v*- 




V.X • ; , v 


( " " '«-• 


V 


’^V\ \ 

v^'TW C_H J 


A o c* o V 


‘A 


% c Ctf >J 

v\\ y'w, . v\ V ^ Vqoa’ Q 


,r\ ‘.>o’ i% OCv v a ■ 

QfV* 

( ( h. mi\ir i K ■'.- ;?. j, v 


V < % G 


Ca 


■ - V \ \ £ ^ 


^I*w/ 


x\ 

'-TO £_ CA c \sQ ft > 

/kf w . v - ■ ■■ -v. . \-\M 

w Wiy unsaiurateil ]„ . i 

Atbhali M ,, #<*«*.CQrbons ore c*Heil olejlns -a .-o VDon 14 ^ 

(Latin' ' ^ nsdtlL ra ^ hydrocarbon^ having double bond are called Alkenes. 1 hesc ctre also called Olefl 
low ^ ? eum 't-/actfre-to make). It means oil forming suts^gces. Fh is term is used becau 
meni Lers of tins class, e.g* ethene form oily liquids on reaction with Cl 2 gas. 


(5) W,> « 1 is hybridization 


ri ■> 

L Proci?ss in lo/iJch -atomic orbitafe of different energy ond shape arc mixed rogefher to form a new se: of 
6 ^ U r L?0 e n 1 or ^ 1 ^ ] -' 5 °f SQ rn e e n ergy_ 0 n a sar ? ?e $h ope is ca lied hyb rid; za tion. 

The new orbitals formed are called hybrid orbitals. 

The concept of hybridization is used to explain number of valence, equivalent valence, bond angles etc of 
covalent molecules. ’ ' ^ 

* There are various hypes of hybridization depending upon the number and nature of orbitals taking part 
hybridization e.g.. spL spL sp. dspL dsp\ d 2 sp 3 etc. 


(6) Why benzene called aromatic hydrocarbons 

* The term aromatic is derived from Greek word r aroma' meaning 1 fragrant’ . 

Initially this term was used for such compounds which contain low hydrogen to carbon ratio shows hi 
chemical stability, and have characteristic smell. However, inter on, many stable compounds of this typ 
were found odourless. Thus term aromatic’ became associated with chemical stability of compound 
instead of odour — ^ 

* Since, benzene has low hydrogen to carbon ratio and shows high chemical stability, so 11 is called aromatic 
hydrocarbon. 


(7) What is hexagonal structure? 




W. 


n 


A regular hexagonal structure has_sjx equal faces and all angles of 120 C . ... .. 

e.g + benzene has hexagonal planar structure in which allVcarbon and hydrogen atoms are 1 

present in the same plane. All the angles are of 120°. AH C - C bond lengths are equal 
[1.397 A), Similarly all C - H bond lengths are also equal (1.Q9A). 




■ » 


H 


ALKANES AND CYCLOALKANES 


LKANES 


£ 


Acyclic saturated hydrocarbons are called alkanes , 

These are simplest orgapicinokcules withfonly C andTf atoms 
Their general formula 

These are commercially important aifuels and oIEN 


.U.P.A.C. NOMENCLATURE OF ALKANES 


(1) Locate the largest continuous chain of carbon atoms independent of direction of the chai: 
main chain, stein, principal chain or patent chain. 


I 


— C— 

f — h — l — ^ f 
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W The position of substituent is indicated by the number of C-atom to which it is cttac kc v nu-r.hc- ■ * 

prefixed to the name of group separated by hyphen. 
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ftf) Names of alkyl groups are wiifen before the name of parent hydrocarbon in alphabetical oidut oi , v ,c 

of increasing size, separated by hyphen, 
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( 9 ) The longest chain of the substituent is numbered starting with the carbon attached directly to the main 
c lviin. Parentheses are used to separate the numbering of the substituent and the main chain, 
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The structural formula and names for the simple alkanes are shewn in the following table. 


Number of 
Carbon Atoms 


Formula 


Line drawing 


Alkane Name 


CH* or 


Not applicable (N/A) 


Methane 


C,H 6 or CH 3 -CHj 


C a H, or CH a - CH, - CH 3 
C 4 H jo or CH a -(CHj)j - CH 3 


CjHjj or CH 3 -(CH,) 3 - CHj 


C 4 H 14 or CH 3 -(CHj), - CH 


8 


C ? H, t or CH 3 -(CHj), - CH, 
C S H„ or CHj -(CH j } 6 - CH 3 


C,H„ o r C H 3 -(CH,), - CH 3 
C„H» or CH. -(rH.l. _ rn 









2.2.4-'- ~i -- ---- 


: CH, 

-3 if 

-H -CH: CH 

' \i ' 

CH 3 ch 3 

2 iOirneiftythexa-e 


Hr 


(d) 


r-CH 


CH— CH, 

-r - 

3-.Ve*ny 


— ‘" € izhzi is urong tilth each of the foUnuing names 

Give the correct IUPAC names 

■s 2 - lJ ."T, 1 1 h ■„ : Propane 

fbj 2 r 2.3-Methcl Butane 

: 

" i z : 

CH, 

CH— CM— CH, 

] 

■v _v 

1 3 3 4 

H,C C CH — CH. 

ch 3 



CH 3 CHj 

2,2,3-TrimethyH: jtar£ 


v , 3 fi- Dim* thyl-5 1 5 -Dimethyl liept cme 


CH, CH, 

t J t 3 

I ? 3 4 *5 h i 

CHf-GHg—C — CHj— C CH— CH 3 


CH, CH, 

3 , ZA 5 T hylHe pt irn 


^ 2,2 f)h th v i 4,4~D( mtlhyt Ptntam* 



CH, 

i 

S 

CHj 

I 

4 3 


CH 


CH,-C — CH| — C — CH 3 
CH t CH, 

CH, 

4 et^yi4.2 t 4'frfcrf»lliylhi |i n<am 





L'dBJrtS : j 




.‘iff 


v: • - . • . 

^ / ■.}-. ■ 

■ »*' 


t . .*•■', ■»«- *. 

V, ■ ■ . .ir RL 


V: 1 ,. 3 

’ . ' -- 1 '^“ Orf £K 5 >} 

. 



' W, . , 


:.M 


rjj 


/ ,,ii' 


.^**1 


‘ 

■ '-■ •> > .H C 

CH 

V., 

- -* .. 

' 

* 

t 

C - 

/ 

/ 

C H 



1 

/ 

- 




V 


; j ' a ■* ' * 


- 1 ■ 

j . ^ ^ 


■ v ■ r - 




*9 


* 

J 


- r 


0 H C H c H C *1 


C . H 


* ' ! '* !*f o/ tfc« JoHow lng compound* 

. v - ; . *r - . - . t> ' ^ . jJ _ i 

- ' » £ -rjjr ?T, 

CH, 

w* 

- ? j 

— CH-C — CH 


: 2 

r .H — r F , 

* — £ 


CH, 

£ 2-j IT Ptr /bfr' '.c-i 

— _._ 

Alfcyf MetAurre 

CH, 

' \ /T 

~ r S 


CH,— C 


i < 

CHr-CH, 


1 


CH 


£ 2-T}i*^\hy \z , ta.” r ; 

'*/ />lrm (hyi Propy/ i f/i V ^ Methane 

r : it 

CH, 

i 1 

CHrCHj—C CHj— CH;— CH 


CH, 

X3-frm*tt)y|hex&r-t? 


3 


CH, CH 
CH, 

3 - 1 thy ! -2-m e tr y ■ x- • 1 5 • ■ 


6 /^ohepfontz 

CH— CH— CH^Ch— C-i-C- 


CH. 


2-Methyl" e- 3-5 


d Dimethyl Ethyl : - „ 

CH- 



CH. 

_ ! ■ 

5 4 J > < 

CH— CHjA-c CH 


\ 


CH, 

2 , 3.3 T nmeth) : 
(P 3- Ft hylhv \om- 
1 r 1 


CH, 


CHr-CHv- CM ~CHr CH-.- .'- 


I 

CH 


CH 


k. * 1 ( t 

— 1 1 1 > 







nm 


IfytsiKdfbrni 


Qrf^i 


H\C 


X / Hj 

CH HC 


J 


H,C 


CH, 


2.3-DimethyJt: 

CH 3 


■7 


MORE 


H.C CH, CH, 

/ 

>; ^ ■' 

C- — C 

/ r 4 

HjC H ; C CHj 

2 j ■ ■ "e ir ar ^ . ■ ? - v 


E 
7J^T57T5 

■UK,rS7,.S 

C/ 


>e Ch 


\ ■ F, 


j/J. ftffT- 



H ■ C 


CH-CHj 


] <■■ 
CH- HC 


HX—HQ 


a 


CH, 


C.r or> 2 5-3 ^*^-6 


HjC-HC CHj 

- \i </• • 

CH-HC 

y v 

HjC CH 7 

2.3 4-Trtmet!' ylpentane 


CH, 


CH- 


HjC— CH— Cff— tTH— CW j“_CHj 

H,C — C — CH— C •- GH : -CH : 


H tC 


/ 


CHj CH, 

’ \ 1 I 

Nli T *. ? A .1 ; 

CH— CH~-CH 3 -CH- CH--CH -C 

/ ' \, 


CH, CH; 


CHj CH : 
H,C— CHj-CHj 

4- K^Opy!-3- 

& e: f 3metr, ''e- 

r :.V' P 

CHj 


CH, CH 

1 -- — — — — h— 


H,C HjC CH, 

2.2.5 7 0-Pentarriethy iron are 


t, L-JT - v 

„ u n : ^ r? 3 





a Br ( 

3 - 3 rc rr o* 2 * c fy c"c - 4 - orfo-2 4-d rnethv ‘hexane 




CH : JCH -) ■ CHi CH i. 


CH C|C..H \CH 


CH, 


'v C.H - 

ti z. 1 T. 

H" — -*t 


tHi 

j 


HjC C CHj 

** — 

HjC— 

-c — 

CH, 

C.;H- 


CH- 

i. 










5) 




Qli!< k \or/ 

J f h ■ C I Ujf / ■ - rj | . ■' ■ f ; . ■ n : ■ t f : ■ 

fn.tf . 3 '!*?.' ! | - 'l . i .. \ ,-.v 

i-' ■ - 1 • 

n: ('■ of *i pentane a h^yt.*** 2*>pN 

and theft 5ar.‘> e art ; r ■ ■■ 

Wl'MI ll* Vi* i ii * • , * • •• v 


Til rj f ilka > 


rt* s 


« (j 


I it*'< t f*t hr i n H >n I'r j Hi n tj j ' U n_f of irJkmX’N 

lhan '•n-i ,'sr trv • « Fr.u> in Am d \prv 

. *. ■ i ' «’M *v • - . < ' ’ j 


¥**0 ;V 


1 It It i ! V 

, *• ni.iii u- 


'•Xl '.V 1:1)1 QU'\T ■ 

ill hi h P.q. ! 


L ■ 

s»- 


^»77iMtV];T5 

Normal Afkanrs. 


Alkanes arc the Simplest organic compounds con? 
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• Thc molecule formula for the C to C, alkanes lead to single unique jaucuw • 

• HowJUncr foi Ql iw...there are .two possible constitutional isomeis 

• Thejgq ^ haw d i ffe r en t chemical, physical properties and biological proper! it 
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CYCLOALKANES 
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OMENCMTURE, 


* At coaling to It i| J A( system, cy< ioalkanes with one ring are rimmed by prefixing cycle to the name of the 

i < n i lV| m ji ie lii ip nlk.ii ie 1 1 , tvinp lire ■ , ii i , l j numbei of < arbon atoms ns the rii hj, 

/ Sifmjjfi'v: 


A 



Cy< loproparu? Cycfobutanu 


Cyclopentane 


Cyciohfixano 


Tin 1 substituents are numbered it, such a way that the sum of numbers is kept minimum, e.u. 



CH 

\ 

2 


3 /H, 

1 
4 


Methylcyclopropane 1>2-Dimethylcyclqbutane 



jf 3 

1 , 3- D i me th y I cy c I oh ex u 1 1 e 


If tho alicydic hydrocarbon is unsaturated, the rules applied lo alkanes dor double bond) or alkynes (lot 
triple bond) are used. Multiple bonds are gluen the lowest pos&ihh ■ number 
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PHYSICAL PROPERTIES: 


Cycloalkanes have^ow polarity. Thus ilia only intermoiecular forces between molecules ol cyck 
the very wealt induce d dipole - induced dipole forces, fe known as J ondon tlispei |ipn lorn 
These forces can bejeasilv overcome. As a result mmiwnd t,i raiw>,- a , 

cycloalkanes tend to have low melting and boiling points. 
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* THe re acti vi ty is vety similar, to the closely related al kane s which have th e same yue s-uiJ 
'* Since^ ^nd H atom s have very similar electro ne^ativitjg s. so both C-H and C-C 

• As a result, cycloalkanes, like alkanes, are not a very reactive functional group 
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What are polar, no-polar and weakly polar compounds? 

Polar Compounds 

The compounds in which electron density is unsymmefrlcal ore railed po.b” camp::.'’ 
iln such compounds, electron density is more prese nt on on e side than other. Hence, positiv 
centers are developed within a molecule, e.g, water, m ethanol iCH^Cr : . 
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Non-Polar Compounds 

The compounds in whictf eiectron d ensity is symmejncol hre called noi 
In such compounds, electrons density is uniformly distributed throughout the mo.c^. c r:-, 
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negative centers are developed within a molecule, e.g. acetone etc.. 
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W^hai are Jnlromoleculiir and intermoteualr forces? 
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* f/ie jorces o/ ottraction beficeen sepemte molecules of substances are called intermoleajhr forces 

Example*: 

Dipole-Dipole forces. London dispersion forces etc. 
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Chemxa. bonds i.e ionic bond, covalent bond, co-ordinate 
covalent bond. / 
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* Intramolecular forces are stronger than intermolecular forces. 


OW TO DESCRIBE REACTION MECHANIS 


ien reaction mechanisms are being described, a ‘curly arrow/ is sometimes used to show the move* 
of a pair of electrons, 
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rm j carbon, f nus a covalent bond is formed between the atoms. 
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\DICAL SUBSTITUTION REACTION 
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“ The substitution of hydrogen of an alkane molecule by a halogen atom takes iXaee as re.rw 
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i Substitution of R-H by -X provides flie alkyl halide, R-X and HX. 

* Alkane R-H relative reactivity order: 3* > 2J> r > methyl 

* ' ™lo 9 ^^ad^ty?i >B f > Br t > l* 

* Only chlorination and bromination are useful in the laboratory. 
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Seep 2 (Propagation) ^ 

fa) A bromine rad I cai “ab stracts hydrogel from methane to form HBr and a rr. et hyl u 
(b) The m ethyl radical abstracts a bromine a tom from anoth er molecule o TBr? to tor 
procure am zr.z:-\e r bromine radi cal 

Bo:n these steps a ore h ore repeated over ar.d ever cgoln 
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XIDATION AND REDUCTION OF ORGANIC COMPOUND 
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Oxidation, [0 ] . and reduction, [R*. are opposites to each other. Both 

these reactions are called redox reactions. 
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Organic chemists will normally describe a reaction as e 'her 


the major organic component. 
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Oxidation 


more C-0 t onds 'or other atoms more 

electronegative than C.i 
less C-H bonds 
loss of electrons 

increased o? .cation stale, eg - 1 to - 3 


Reduction 


more C H bonds 
less C-0 bonds or oth 
electronegative than C 
gain of electrons 
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1 + 


A 


-c-i- 


- 

I I 

-c- — c— 

■■]— 


/ 


I 

Longest Chain with double bond (Correct'. 
($) The chain is numbered in such 


j : \ 

C C — 


^cr jest Cra - ivmou: 
a manner as to give minimum number to :ho 00, 


t 1 t ■*.. X_ 


Correct numbering 


h — + (----x 

— C- 


i 

— c- 

i r 

■4- ^ * 


-C 


VJ L _ 


1 



I 


incorrect numbering “’C — 


W) The position of double bond is indicated by the lower number of C atom 


l 

1 

t=ci 

M — + |- — -X 

— c™ 

1-ene (Correct) ! 


r 


I 

4 


-C— 


2 -one (h i/kV/tv/) 


__j. 

-C 


t 


A 


\ 


— c 

I 


v 


(5) The bwer number of C-atom is placed before the name of parent alkane 
ffl Alkyl groups are indicated by the methods mentioned in alkane. 



CH5-CH3 
| -3-methyl 1 -butene 



ch 3 

1 3 

2 a 


CH 

i 1 


CH 


j 


CH— c; 



■ I Vp 


:CH— CHj-C 


•2-hexene 


& 

CH. 


CH- 


CH-CH - CH-CH -CH 

jfei 

S-M^thyl 2 lu At-no 


CH, 


CH. 

. I 

j, 2 3 4 

CHj-C^CH-CH, 

2-Methyf -2-butene 


A/ Wf- ■ £ 

. 5 5st 4 

. Ss 'kJmM Ivi (*§£ '*% 

.flL.r*. _va -?•<#* ''np 

^ *W\ 

CH 2 -CH 2 h 

\ 

6 0 4 3 2 1 

CHr-CH r CHr-C=CH— ch 3 
3-Propyk2 -hexene 


CH* CH 


I 

0 4 

CHr-C 


I 


CH— C=CH. 


CH S CH a -CH, 
2-Eth y I -3,4,4-T timothy t I h*x«n» 
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A •. 


l'l€ 


'''' iU'h 




' n "’ |srwwiH- W(> i 

Fni'fr I 

111 ■ ■ “F h * %t 1 Til , 


t 1 /fl, / t ■ rtHi If . fi 


>f'1 JW 


fK- : , r)l '‘ !l <k*ibJ# bond 11, n 

■1 


e boocU r Ci-ui i/ 


H*C 


1 I 1 I 1 1 ? 0 1 1 j i r ■ f | ^ ■ 


C77VI7Y 


c=^ch 2 

CH, Vt, av; =,nf: 


hill, m-lna (Ut'Htis l, v !)„■ tttPAC Systems 

1 O- C H . 


(b) CH,-CH=CH. 


■ the nr 


1 Propene 


fc) GH r CH r -CH — CH-CH r -CH, 


;.-h 


. t J 2 3 4 

(e) HX=CH— CH=:CH 


4 5 6 

■CH-Gh.-CH, 


CH 


1 3 -Pentad ene 


• 2 3- ■-?/-:■ e 


2- MelhyM -propei'© 


CH 


CH 


4 3 £ 3_ 

(9) C -C— — CH- 


6 5 4 2 2 

(h) CH 3 — C— CH=CH-C 


2 . 3 - D i ,t, eth yi -2 - b u ten e 


CH 


2,2 5 5-Tetrane‘“i. -3-nexe ;S 


“ ,J ;dl 535 

1 Z 3., a r *— — r — — 

12 3 4 

(b) H 2 C- — ■ C — — CH 


(a) H 3 C— C=CH— CH -CH. 


CH. 


4-Methyl- 1 ,2-pentaoiene 


HD 


(C) CH r CH 2 — CH=CH— CHj-GH— CH 


rHO— HO— HO - ; H j 

5tfT9XSff bob 


oHeptyfene 

{3-Heptene) 


(d) CH~ C H — C C H 

CM, 


rlTs^T 01 5* W 7 ft . 

W 1.3-Butad.ene (b) i, 2 ,p entadlen( 

Is — ♦ * It •• • J .-1 ' i *' C ‘ 


HjC— CH 


MfrSy. 


J> - t ^ 

/C<t 'y-Mfiititrt f j 


H ,C - -CH- C 


nhT'fr> i tw 


CH 






TOP 



so rem: > ■- 



■ 


-nriwSrce a ^ ere s 
■ ' " " : - " ■ 2 - ■ > c. >■; sted a i ke nes drtf more sta b i e 4 


CH,; 

w 

Cl 

/ 

H 



;* CH ‘ 


s tic- re stable tnart 


\ 


H 


’ e i. si ^ — 


Dz-suCsWUiied afleere 


(2) Stereochemistry: Erans > cis due to reduced stearic interactions when R groups ar e on opposite s 
^oubkbon q. e.g. EronS^itene > cfe^utene " 


>-aes o: 


H- 


H 


\ 

( 

,-A 

! CH 


(ch, 

/- 


j ■' 


\ 


is rrc r e stable than 


3 j 


h 


CH, : : CH, ; 

C“C 

/ \ 

H H 


•'■J 


trans-2 - butene 


is-2-buiene 


, _ . rrr . i — “ — - ■ • * ■ — 

f3j Conjugated aikenes rue more si a ole Thar, isolated aikenes. 

J,.j-Perrtaciiene is more stable than 1 A-pentadiene 


MRUCTUR 


The carbon atom s joined together by ftr-bond aresp 1 - hybridized. 

Thus, each ca rbon atom has t h and o ne p-orbita l. 
The hybrid Q_r_b.it al s form a bonds due to linear overlap 
The p-orbitals form 7 r-bond due to sideways overlap, 


. :■ :■ ■ ■' • ■ V 


p 

o 



H H 


0C H + (overlap pf 

(sp -by br i<li zed p-orbiluls) 

e-atonij 


H H 



{%- and 
cr -bonds ) 


H 


The carbon-carbon distance in ethenc is shorter (1,34A) than the C-C bond distance 

tet 


AiAne 


1 =,i A 

i . kJ ■ r\ . 


irbon atoms 

w— — ■ — 










... -'i- '-v • . 



/ f *;> 


■' r r , , 

p*t 


H 


OH 


<■ <■' ■ 


\* r h f +i 

J* r ' * ' 


H OH 


-* i J * 


P CM CH C H 


w ow 


^ ^ -* * - f <■! i ' ,. * 


r ^ — r m ~ 


-CH“~CH. 

i i; 

!H X 


KO H 


J 


CMt CH, 

P-h 

«H Hri 

i,^Ht • ■ J 

CHrCH-CHj 

rJ V 

[H Bi f 

Jl^ornopi opan* 


KOH 



yj % Hj so 4 


85 C 


j i: 

OH H ; 

' r rt :i f y alcohol 


I5fi HOW/WOM/M.OGE/VirjO/V OF ALKYL HALID 


Rvmut M of hv'U ->'*•'** halide fftX) from ,dk v halide* i * railed Dehydrohula<jenai; jn 

I Ktfrtip/t i ■ 

AJkyl h atkki on healing with ■■ potassium hy ■ de undergo Dehydrohaioftna 


W M '*■ 


alcohol 


R CH-CH; + /or + - 


alcohol 


H : C 


+ KBr + H J 


E I h y 


KGH ■ >, *ohoi 


H.C CH -CH, + KHa + H 0 

i'Pfoper>e 
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sBffp * e £ i- p ! a r, CF £ j 0 n : 


■V 



A 


- v ' y_ y. r •- O 


,-i 




■ - r_ - - t- 

J - r> 


ref; 


; -'-t ^ r ’ c. 30-’ j ,o.,T.a.£'‘ jcoeac ■; ~c 

ti are P' Pd acd Rangy Njcjgi. 
v - ~7 


-’ o 


V 


■ :- ■i' - ' ; . - — - T J _;■ 

J - ^ ^ 'j - - .'-. c . . Oy 7- . t 


- ■ i. C 


r, c£u=’ic soca. 


\ r • 


Ni - A / + NaOW + W,0 




V 


H,C 


CH 




"3 

y 


-CH— CH=CH 2 + H : 

l/es'nyl-l-buter.e 


y 1 

: Ni 

V 3 


W/ + NaAIO - + 3 - 


CH. 


H 3 C CH— CH— CH, 

ISC ^ 5 '"‘5 r ' S 




’v '■ 


* - ' v 




\ \ 


•rv 


v ^ x x 


Benzene 


3 H: 


Ni 




Cycfohexane 




frjdr<yjeno{iijn b asfrriany applications 
1*1 Wmtry, begetohle ghee Is prepared b y catalytic h udragf-n gfag n of vegetable oil . 
j We fttcviion tt quantitative,} therefore, it is used in laboratory for an dytof purpose 

Llifgtog uttrrr method fn 




S V 




•H 

■SCiJ 


ItYhlif J IAl.()<,i SATI(> 


' V'^V pA C _ C v ^ cV\ { (.- ^ 

A/Wt*|/«jct with aqueou t Solution of halogen ad dAo for m alkyl halides \, 

R CM=CH* + HX R— CH-CH, ■■■ 


^ V l J V 

W < 


H,C=CH, + HCI 








— ► H 3 C — CH 2 

Cnioroethane 


r -.:-a— i— T^rl 


•H A-^5 - ' ' 






t ■ * 


n 




iGftiStn 

"Tv 

' € occurs in tu o steps 

Step _ j 


. " 


5 ^P- Photon of HX adds to adkene to 


■: CV OOrif: . 



Step - 2 


// H 

Carbocatron 


In second step, halide ion combi nes witb carbocar-.on to <7ivs ^kv' ra- : 

' "?*" IMi n, ' — ' _ 

H H H H 

+ X - 



* H- 


// H 


•C 

H 


, x 5+ 6- 

CHj-CH— CHj + H — Br 


\ ~ 


v r -v 




CH 3 

I 

CHj-C~CH 2 + 

2 Methyl 1 -propone 




^fgrfeog^nJkou's Rule 

The addition of HX to unsymmetrical alkenes follows Markownikov's - 

It states 

fa IN ” unwnmetrtcat rece nt to tm vasMnmetricol atk?re, the negate*^ 

r ~ B * nt ^ t0 lhat carbon - coding the double bond, which has least number ofh^O^, 

Example*: 


CH<-CHv-CH 


l-S^orcc": 

" = ■ f:- “r: 


CH— CH— CH 

Br 

CH 

CHt-CH— CH 


2 -B, 'one propane 
■ actual proauct ) 


1 -Brom o-2 -met h v i p ;p p v 
( not formed 


CHj C — CH 


2-Brofn 6*2 -methyls ... 

( actual proouct ■ 
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V * \ v ' V ' A 




H-v ; r:v \ 

J 6; HfylrocartMftj 


* *■ 


0 * 


■O V ' r \s 


ffYDRATJO 


2 




V. V\ 


■ V 


Some reactive &fke n es^ga^ \vithi!^i|^rhn the presence o\ suitable Wbstarl^ es apid etc to form - • ol sol 

It is possible as alkenes are soluble in cold a >rw entrated sulfuric acid Hit reaction oc < m> in kp #t| . >/ 

(tYAlkenes dissolve infonc HJsH. a?. ...r i„. j - *' 




k' i 


_ ■ | 

( ,/fit i - ■ 1 ( ft/ i J I'tfrt I/' (U H\rtf i’ttrf- i{ 


T nvmyiL ii limo coiu\’nm\ie« suiiuric at’Kt i tu 

((\?Wen^_dissofL»e intone, f^SOj $nd ^o/y.JuUiw. ' 


\\ 




H rH , »t S' II 

v CH 2 + // — Q 5 — qij 



I 1 


/Sulfuric acid q 


''^Ethylene 

(It) Alkyl hydrogen sulphates on boning with water give alcohols 


CH, CH, OSO H 

•~ • hT 


c P0*W£ ; 

\< - ^v w ; 



, >AV^\ A 


iv-iv c ■'•■ 


:* 


\<j? 


CH— CHjfbso W + W-4-0H 


"V - 


100 : C 




A 7 


\ / - 
Li ' — 


2 WCW3 r ’ C_ n ) 

, p 

The reaction follows Markowmkoff's rule 


ChVCH“OH + 

Ethanol' 


” 2 so * 


5+ 5“ 


CHj— Cft=CH 2 + H— OSO,H 

TL 


l 3 — w._i 2 

l-Propene 


CH, — CH~CHj 


H ; 0 t 100 J C 


CH. CH— CR 


! f 


C AV^', 


oso 3 h 


Isopropyl hydrogen sulfate 


-HjSO, 

n~* r -' ■ 


OH 

L_j» - 

2-Propanol 




(4) HALOGEJVATIO 


2 


"V 


C <1 


addJtti 


The alkenes react with^habgen in an inert 
jihaliries or- 1,2 dihalogenatd products, 

H H 

HoV - / [ CCI 4 

. / C C \ + *£, £ H 

H H 


* j JOD-- a o .^ gg. 

solvent like carbon tetrachloride at room temperature to give vicioa 


H H 
C— C 


Remember! 


H 


a vicinal dihaiide 
or vic-dlh33ide 


A vicinal or vie -da ha l idle 
hits two halogen atoms 
on. adjacent. carbon att sms 




[Br^and CT ore e^ecfjue electrophilic reagents. ' Reaction o}F 2 i$ too fast to control. /., does nor react. 


Mechanism 

the reaction occurs in t^ r o steps 
g Step -l^_ .... ... _ .. 

A -bromine molecule becomes polarized as it approaches the alkene, This polarized bromine molecule 
transfers a positive bromine atom to the alkene resulting In the formation of a bromonium ion. 


] 


\ 

\ 

1 


: 

H 1 — 


£ 


■ ,:i, 



>itQ: 


Br 

/ \ 


h 2 c — ch 2 


Br 


Eromonium ion 




m 


Step - 2 
Theimcleoi 


bromide io 


■ ,3 


attacks o n the carbon of ^thef bro mon ium ions ig fornii v i c - d ibro mide and h 

colof^STbrohiine is di scharged . Q r 


T 









Br' -O H 2 C — CH 2 


H 2 C CH 2 

i ; l 

R . 1 .^ Dibromo ethane 







■ ' ' ■ 7 , 

' »rvr 


* 

TOP 



• ft ■ 

a" i 



v r r% T- j* 


1 ? 


\ * 


ftamaie Wqr»d For Silge 

JLir'" 


i 


\ 


f 1 1 3*. 






at 


\ 


& 


r// * M: /fj-rfru 


i'Uj-fj 


!»U 



f ntfriy f t ,'jJj t‘ft i ., r f ff 


^dcfttfon of hvnnh t 

• A ]L , * fPOhatmi * <“ j<t iUOX) K r nlh 'l hatnhydrvtln ri. 

1 '■■■• ' fp hypo bilious f u: icl to givt j I frilo hydrin. 


reaction. molecules of th e solvent _f water! become reactants. 

i / ■ Cl., or Br 


*2 + H 2 0 


H 


V / 


H 


/ 


— H 


H 


H 


HafotiyrJnn 


The reaction follows Markownikoffs rule. 
i • "\ d ' 8 + 



CHj — CH — CH 


J PCO' 


{ 6 ) EPOXIOATIO 


-V^V 


It is the formation of epoxides. 


7' 


OH X 

-A o 'Aii ( ■ - * - r 

x V vCv£7- ? 


Q >7,, 



CHCL 


H 2 C 


-ch 2 

m i « ■ i n ,. I I a - • 

Epoxy e-hane 


C,H 


< 5 ki 5 ^ 

Benzoic sc c 


OH 


: rf 


CH— -CH — CH, 


+ 


C,H- 


OH 


Epoxy propane 


Senzc- c ac.c 


(7) OZONOLYSl 


£ 


• t 02 O[)&J i Qy) reacts vigorously withi \alkenes to form unstable molozonide. It i 

r&nide/ - *“* r 


earranges spontaneous/, :o tom 


H 


o 


H 





/ 

L 



H 


H 


re-arrangement 


H 


H 


\ 


C 


o—o 


Molozonid# (unstable) 



uzo 









IfC; 


,>7 


•«, * . V, 

> it > 
.V L, 







i»i«w»LwW(w»«a 


( iiftftft* Cfu’minty Ft tit'nti BuareJ: Ptirt-U 


are unstable compounds and are reduced directly on treatment iwrth zinc and H^O. 
H* reduction produces carbonyl compounds (aldehydes or ketones). 


H H 

\ > 0 < / 

H \ ! ! / 

0+-VO 


H + ^0 


H 

\ 

2 C-. 

/ 


0 




/ *- 


Zn 


H2O2 


H Formaldehyde 

f* - M 

j* L ' 

^ ZnO + H 2 0 


H2O2 

U 


V ■■ 


x 


iv 


jO 

i 

K 


■ * 


* j 

Ozong lysis is used to locate the position of double bond sn an alkene. 
The C-atom of double bond is chang ed to carbonyl group . 


i- 


I * 

} j 


. _ w 


, y •■-V c 


i 


) PO LYMERIZA TIO 


Z 


Po tym erixatlon is o process in which a smalt organic molecules which are called monomers comfajne 
together to form forger molecule The substances so produced are called polymers, 

Etb ene p olymerizes to polythene at 400 ,: Q at a pressure of 100 arm. 


n H,C 


Ethylene 


100 atm M0Q°C 


traces of 0 2 {0.1%) 



. \ c- 


n 

Po t yet h e y lene ^ 

o\y <2, \x^)t\£ ^ 


hod quo/tty of polyethylene is also produced by polymerization of ethene ir» the presence ot aluminium :re:r;.: j 

AlfCjHjJjJ and titanium tetrachloride (TiCU) catalysts. 



Where your find it 

Wool, silk, muscle, etc 
Potato, wheat, etc 

Paper, wood, dietary fibre chromosomes, 

■ genes 

Bags, washing-up bowls etc 
Fabric coatings, electrical insulation, toys 
, expanded polystyrene 
Skirts, shirts, trousers 


Interesting Information 

Examples of nati 


Polyhrner 


■ ■ 

9 

Natural 


1 


l Proto in 
i Starch 
£ . Cellulose 
-^DMA 
5 Poly (ethane) 

Synthetic* Poly (chkxoethene) 

1.(PVC) 

g. Poly (phenylethere) 
-v{polystyrene) 

1* polyester 


Monomer 
i- Amino acids 
7 Glucose 
Glucose 
H Nucleotides 

5 Ethane 
^Chloraelhene 
~t-Phenytethene 

6- Ethan©% 2-dfcti and 
^ benzene- 1, 2* 

j. _ j,i^ _ .. 1 j 


<4yr 







[ye L’k n’ia<e''L i \ r or-^t Far 


:cgeth ef, 


an extension of the chemical reactivity 

■ £ » — ■■ «a ■ ’ j . .. ^ 




Condition of a Conjugated System 

conjugated system requires that there is a continues 
ending overlap alonqlhe whole sys tem . 

^position in. the rh ain does n ot provide.^ y orb it a] 
e c onjugation is broken at th^ t point 


or if .geometry prevents the correct alignment, then 


Examples 


isolated 


J ,4-Pentadlene 


■isolated 


isolated 


J , 3 -Cyctopentadiene 


1 ,2-Propadiene 
(Alletie) 


cumulated 


■Cyct o h e xn d ic n e 


1 ,3 -Butadiene 


conjugated 


J ,4-Cyctohaxadiei 


orrrovomotrb 


1,3-Pentodlerie 

7 in .div 

^ to) .notlsiusm Je>. 


conjugated 


tzetie 


The resuJf of conjugation is that there are extra 
On overall stabilization of the system. 


p bon dt ng in teb itfk ) n s bt 


System 


system 








M . V < 

V’V £'\V 

' t'urr- *.Hjdir<X(rriWHi 


HICK QUIZ-3 


vt>c \ ■' *V\ * - 


n 


et*]fc j^j^sConjugwifon? — 

j ! j 1 4 "\ 1 ■ *, ■_ x\ , ’■ _ ' \ ' 1 

The word conjugation is derived trom’a Git in word that means 'to \i 

In organic chemistry, it is used to describe the situation that occurs whe 
an extended p -system exists over -i lonyei series of aton > fe p * -C. to- 


" V 




r r 


r^: 


■ rod iv-i 


ExafftpJ 


e. 


then 


12 3 4 

H : C=CH— CH=CH 

i ,3-Butadi.ene 



H/hd£ are conjugated affienes? 

The olkenes in which an '’extended" p- system exists over a 


!r series of atoms ce 


r 



Example 


04 


H?C=: CH — CH 2 

1 ,3- Butadiene 


H 2 C= CH ~ CH-- CH- CH~ CH 2 

1.3 5-Hexad en.e 


tf'd 


What is pi bond 

A bond formed between two already a hour fed arums by :hc sidewise 
p- atom re orbitals whose axis ore parallel is coed \ P; •;• ho-. : 


A. 


p :vJrW + p ..V fudQ-sxV i 


y 




r 1 

+■ t 

kV S 

K 

i : f 

■2 


f 

S 


V . VX 

K 




CHv \ 




fz- hon d form a tio r j 

Vtail ttr * m and p 

When the value oi a/inuitlvil quumum mimh^ is 0 t ' ’her’, it l> 

rcAfj^hVt* muHirrnmi tttiy electron* 

When the? value b! rttimuftnl quantum number is 1 ( 1 . tho: it • -v 

three orbital* iv, p, ftud p, these otbitaks a« present afcmg X > > ant 
orbftati can have rttixlmum two electrons each. Thus, p subshcll can ha\ ■ 

■s a r^ i M .up— ■■ ■■■ * H. r » ■ *».■ "• "•' •^" ^3 X; 

it dvhvtbation ‘ j 

Ht*n\i*iml c\( UKifef ah is vuJlexi *h H region 

^upipfw '"Vft 

Wh#ft vft$0!« am pmmd over heated atumma. dehyd 

*«» >,H ' 

*w r t^N* 'CH-* 

I 'y t t i jt* a 


takt'v nj f v i ’ '■ 


^4® 4 


H j0 






rak 




' 




y 


; -J *" ' ' 


* > 




< ft - If' r 

6 


ar 


^ * 


f 




I i s tli, li I, ifi'oh 

Remoud oj hydmgen haftde (MX n all a 


J Kit > ! 


j.S i f/lt?si L^’^V 




q^rn/ifror* 


\ , ft l ' j ' , . i c i 

''•«*•• " I A 1 , V J 1 


J \ 


i '• ' ( Mt:! i v. aicnhoiit ix)tA>fium hydroMd*’ Ufiu-. r > 


h W , ,"J t i K 

J I VVJ \ ' " i ■ 


R 


CH 

4 - 


CHp + x OK 




ate oho! 
— - — m 


R — - CH - CHj + KX + H t 0 


H X 


iin( fa hyiirogmotton 

A process in u4ii :h a motet tee o* hvdtogen i$ added to an a/Jtcne js *n p'^sent ? * ; j £ uia ■■■ - -* r -- 
rf.od<?rate pressure f J 5s:m ;• • •:■•. *: .s ».:t ,'cr<\i corr.pou'id is «cnou>n m aKtiiytrc hydrogen siion 


CH, 


CH- 


Ni 


H,C CH- CH— CH ; + H 2 


3 - Met hy!- 1 - butene 


HjC CH— CHj-CH 3 

Isopentane 


S, fa rarjK>caJJora 

A i^ibociition i- o reaction intermediate: Et is thvalent uith a posit:'. o :. hdrgi- 1 on cartoon atom. Ir can 
produced as follows 



H H 


H- 


I 

C 


G + X 


H H 

Carbocatlon 


H/fiai fa MarfcouHjffcfJiifa rule? 

It stales 

In the addition of an unsyrnmerrica," reagent to an unsymmet ricoJ ateene, the negative part of the add 
reagent goes to that carbon, consisting the double bond, tu fitch has least number of hydrogen atoms 


Example: 


5 + 5 " 

HjC— CH^CH 2 + H—Br 


H 3 C CH 2 -CH 2 

VBromopropane I 
( not formed ) Br 


■ 


H,C- 


CH— CH 3 

1 2-Bromopropane 
Bn actual product ) 






•f t ffc ttvifrih-jrbfltts 

_ 

^ j0' ^ftrcirophiffc reagent? — . - 

An tit a tio^ deficient recoeni s .-.-a, 1 - in , . ... 

& ; 1 • » i. u,; t o an r.t .. ifoplv.-.h' wgc*]: e g A-s. 


‘.' Is * I 


as. 


jl.Utfiaf is nucleophilic reagent? 

An e/tvrron rich reagent is calk\ 


a a nucHor'Hi: reagent e.g. A H . HO: c;c 


\ 2 . U r fi«( is hatohydratlon? 

.Adduion ofhypohahus acid fHOXj iscaUcd hc.bhvdmion. 
Arenas react with hypohalous acid 
reactants too. 


to give Ha'ohydrin In -his reaction, mcwcuvs oi i\:e sowc 


k_v\ ■ssn 

L r \ t tn i c 




at 


x 2 + h 2 o 


■*- Hjr + HOX 


H H 


H H 


H- 


H + HOjf 


H' 


■H 


> X OH 

Halohydrin 

_ X 2 - Clg or Br. ; 

Je # 

“ ™ - — = « »!_ _ 

I3h What is polymerization 

{ * Polymenzation is a process in which a small organic molecules which are called monomers corn::- 

together to form larger molecules. The substances so produced are called polymers. 

• Ethene polymerizes to polythene at 400 2 C at a pressure of 100 atm. 


-;j- CH 2 -CH 2 y~ 

n 

Pol yet hey I ene 


— 


100 atm f 40G c ’C 


* H, 


OH : 


Ethylene traces of 0 2 (0.1%) 


Exercise Q3(l)> What ts Isomerism? Explain different types of isomerism? 


ISOMERISM 


Compounds that have the same molecular formula hut different chemical structures are called isomers and 

the phenomenon f s called isomerism . 



Isomerism 


The difference in properties of 


isomers must be due to different 


°£ 


ft) odes of combination or arrangement 
of atoms within the molecule. 


Struqural Isomerism 


Configuration: 

The term configuration is the 
We</imemi0na[ arrangement of 
°toms that characterizes a particular 
impound 


Stiereasonrx^lsm 


Conformational isomerism Configurational igor 

i 


m 


Chan Position Functional Group 
isomerism Isomerism 


ssomonsm 


v 


Oplica. isomerism 


• 






studywprld.cojT^ 








-•I Ip A, || p 


l ! 


' ,| ' 11 Mm ly] ji 

I l f 1 ' •■ I J 1 ! I 1 1 j l 

" \ jfi Li 'r 

' *l‘‘l i -i ns,, 
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{ f tsiu is dtir to difference in the arrangement of atoms within the molecule r without any 

h , f/n- j>/n-iif>nu‘r)fin J* truf/ed 5>frutiur<?f /somerlsnr, 

s,< tWr r 0175 pounds that have the; same molecular formula but different structural formulas. 

Struc^rai isornerism is five types: / 

\ (o) C hain isomerism 

' dfd Position isomerism 

( c ) f unctional isomerism 

i (dj Metamerism 

\ 3 (<b Tautomerism 


it 


i rritetf? Chrmiitry: Fnkral tunr) Pyri-ff l 




« 




tereoisomeris 


crikdTtJrfrts lmerism CaUSeel ^ arran 2 ements °! <* oms or groups in space, the phenomenon Is 


* The stereoisomers have the same structural formulas but differ in arrangement of atoms m s peC e 

Stereoisomer is exhibited by such compounds which have the same structural fomu; a - r : ■■•'. - - 
configuration. 


i wo ini porta rfct typesof stereoisomerism are; 
(a) Geometrical or as -trans Isomer ism 
(h) Optical Isomerism 







CHIRAL CENTER 


The center m a molecules due u^Ich mb/ecu/e becomes asymmetric is caffed a diir 


iMMMHIttHBki 


a i center 


Of SYMMETRY 


A plane which divides an object into two symmetrical halves, is 

said to be plane of ^ynmicfry. 

Examples and Explanation; 

* A person or a hat has a plane of symmetry 

* A person's hand or gloves lack plane of symmetry. 

fr+f rj ivl’ «' ;r; ii i v . i. 

• An object lucking a plane of symmetry is called dissymmetric or 

Cfyrai {pronounced as Ki^al). 

*' A (Symmetric objects referred tSaTAchiral. 7 

• A dissymmetric ^ject cannot be superimposed on (ts mirror 

image. uuyr 

. 


iv 

■ PL'iTt 'V 








CARBON-BASED CHIRAL CENTERS: 


A carbon atom which Is bonded to four different groups J.v rmflrJ mi ‘tile t,\uln>n , 4 o>m 01 i'.Vt.n 

\ % 

Carbon Atom , 


Examples: 


CH^CHj 


CH— C— CH^CH—CH 


COON 


h c on 

< 


cm on 




The term asymmetric carbon atom is misleading. It only itumm* ihai n <mU>n .ii. nu I* I d*-d u> | 

groups. Such type of molecule lacks plane of symmetry and h called myr (1 i ■ > ii'u m iI..m 

without symmetry, 

Presently the term Dissymmetric or Chiral Molecules is often umm t for my win* m< .In. . i|,». 


4 .0, A I'"t1 lumd ' li no rvil \ t <r ,-A*\ - v V, 

[lOl anolln'i I' ll Imml hill rlohf fin; ■! \ V , : .■ , 

llll CsH h otlu-l ll ' ' I ' ■ V I ( ■ J I.J. • r , | ( ■ : , , ■ >' r ■- ., r . 

/ ‘ ' !* . / / I I / - . 

jfuf lliumh v- ' n 4 U ! i. |,i- U 

[hi? rnivioi oTihr ir rJn t > fy f i . ,,, ] ( ,j f ,j 

It slwntil Iv noted lli.1t I ioli! h;:nri r, the n.irror ,r: * 


■ . 

jK u>iral molecule has at least one asymmetric center ar c 




C. himl objects 

An achiral molecule has a plane ot symmetry 


Ar/iilmf objects 


TOP 






< U/- : . V >■ v!r 

v - ■ ■ ■_ K , 

'■■■ i % ■ l \-kdSL '<• ' 



■' - - 




f •'■ " /ft. Ni4,, 


i'-nS-m 


f.'iv//i-^< r < A*Wtfri. .' • .' - ii II . irt j 




Aubsfrui ’ * f Qn<? ii Ciliri roia£e pJan* of polarized light 1$ called optically active and this property 

^ i L called optical activity . 

Explanation 

II ^ IT V" V «_ ^ . . 

cali^ J 'r^ 1G " C ^ ' vibrates m ^ possible planes. When this light is passed through a Nicol prism nrrnde 
’ ° r ^Polaroid tensj t allows only those radiation to passthrough it, which Ere parallel to its ai 

- ■. ibiahng.only in ope plane is called plane polarised light or simply polarized. 

' '^ n l .' lcin . L3 ^ ola! : - L? d Sight will pass through a solution of an optically active compound, the compound 
ro ate t plane j^djanz eel light either _to left or right. These compounds are said to be Optically Active. Th 
property- of a compound is called Optical Activity 


P extra romror y ( o m r,>o un d 

1 he compound, which rotates the plane of polarized light towards right (clock- wise), is called a 
c ext rorotQtorp compound. It is indicated by the'sign (T) sign. 

L enuororotaro rp Cor- mound 


The cornpou ■? j which rotates the plane of polarized light towards left (anticlock-wise) is called a 
lenuorotatory compound, it is indicated by the sign (-) sign. 


Measurement oj Optical Rotation 

j he instrument used io measure direction and magnitude of optical rotation is called Poiarirneter. 
Cons truct i on 

It has following basic parts 
* I fixed poiariierVNi col prism) to polarize light 
| Movable analyze! il\.col prism), 


■i 


Working 



* - n test sol utlon^ laced between polarizer and analyzer 

■ A light source. 





> ■ 



osSLU2 • •» «W V. 


position of polarizer and analyzer give^jaximum iSumi^fehj This is theleBreading. 


’ empty., then parallel 


Now a solution of known concentration of an'opticdki 
solution will rotate the plane polarized, lig ht th” 
through analyzer and there will be less illumination. 


ab- 


solution will rotate the plane oolarized' 'noh f 13 P ,ficed in the sample tube. The 

rd-^- polarized_lig ht throUghrace^aSu mCeTof degr ees. Thus less light will pass 


In order to get maximum illumination 


» «. «wi«asra5Sli5aS£ 1 ” r ” M ’!^2i*»“= h •*«> «■*» » 


II jt isjpjdjojie (±imd the compound it edited dextrem 


II «i m *, > S355J5S5 zzzzz asssss 


FVrcol 

prism 


Sample 

sofulioh 
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ne Ultimate iMbrtri I 




J - !. rtL-A. L jMdK-^S 


S:X,r >” ■- Ju-jtatjg; 


Or,-f- p 


if i It 



EOISOME 




r trUf-gr * ht'nmity f tUmnl ft 


SM 


^ < compound can cxtst In two Isftmcrlc forms which nttiiiK the plane polarized light in 

pppd^ff* rtXf ins. Thisn are called Optical Isomers and the phenomenon is known as Optical Isomerism. 

. - .,a h rotates the plane of planned light to t he itijht (clockwise direction) rs known as 
^ A \ Dextrorotatory homer or ( + ) 

^ rl\jj 

, '* . iP* ^ r !t { , j < -h ’ ■ he plane of polarized light to the left (anticlockwise direction) is known as the 

Caevorotatorg homer or (- \ isomer 

id uiil 

■ This 

Optical Isomerism of Luetic- Add 


\Lactic acid (2 Hydtoxypropaoic acid) is at) example of a compound which 
shows optical isomerism . It contains one asymmetric carbon atom 

° * Two. three dimensional structures are possible (or Lactic acid 


HO- 


COOH 
C H 


at a 


OH 


OH 


CH. 


Asymmetric Carbon Atoms 


HOOC 


r' 

/ 


H 


Ch- 


in 


V 


COOH 


CH. 


Mirror 


COOH 

HO C— ~H 


COOH 

H C OH 


CH, 

( + )*Lactic acid 
m.p. = 26 ®C 


CH 


Equimolar mixture of {+) and 
{-} for rns is called racemic 
mixture. It is deflated as f± ) 


(I) 


(— }-Laetle acid 

m.p. = 26*C 

(II) 


e-g. (t )-Lactic add 


(HI) 


* These structures are 



ecause they cannot be superimposed on each other. 



non-superim posable ta imp-images of each other and called Enantiomers, 




|U (molar mixture of two enantiomers> called racemic mixture. It is optically inactive and denote hi, /*> 

- _ r " ' ^ ■’ ' ' 

Thus, three forms of lactic acid are known T wo are optica lly active and one is optically inactive 
<+}-L«ctlc Acid: It rotates the plane of polarized light to the right (clockwise direction) is called dextrorotatm y 
H -Lactic Acid; It rotates the plane of polarized light to the left (a nticlockwise direction) is called laevorotatorJ 


(-)- Lactic acid is the mirror image of (b)-lactic acid and vice versa. 


(i)-Lttct(c Acid: It cfoes noLrot^ £4he plane of polarized light. That is, it is optically inactive, 

mixture of ( +) and (-) forms. It is ca(ted racemic mixture, K ' 


. 


ft is cajted ra 




■ 


‘mi 
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( fttlt'tfi' ( tii'tui'ifiy: i f\i< r£\l Him fd; 


»r:% 


' » ■■ rw„, w , 

° Pt,tnf ,SOmeris "' of Tartaric Acid 


,3-De hy d r o xy butane d io lc acid) contains two asymmetric carbon atoms. 
■ . : r _ ! CA _ tr - 5 ^ ftaric a c id a re kn own , 



optical iy. activ^and(two are opt icall/in active, 


Thtf optically acth e forms are related to each other as (ft non- su peri mposable mirror \ 
Image of each other. They ar^^hant lo m ers . - **"" ~ ” — ~ 


( + )-T«rtaric Acid: 


(-)-Tartaric Acid; 


it rotates the plane of polarized ligh( to t he 1 eft- ■{ anticlockwise 
direction) is called laevorotatory, (-) Lactic add is the mirror 
image of ( + ) lactic acid and vice versa. 


It rotates the plane of polarized light to(the right [clockwise 
direction) is called dextrorotatory. 



COOH 


Asyrnir^fric Corbo/i Ala; 


Two Asymmetric Carbon 
Atonis in Tartaric acid 


{ ±)-TartaHc Acid: It dqes not rotate 'the plane of pol arized lig ht. Thus, it is optically fqactive?‘lt is a equimola 

mature of ( + j and (-} forms (racemic mixture). 


mes o-Tartaric Acid: It bas Cplane o f symmetry. -So, it does not rotate the plane of polarized light _Thus. it :> 

optically inactive, ■"" 


COOH 


H- 


Mirror 


OH 


HO C- — H 

COOH 

(+)-TararJc acid 
m.p. = 7QT 

(Optically Actiue) 

(I) 


HO- 


COOH 


H 


H 


■OH 


COOH 

(-pTartaric acid 

m,p. = 70 “C 

(Optically Actiue) 

(II) 


COOH 


H* 

Plane o/ Symmetry ■ 

H 


OH 


OH 


COOH 

me&o-Tiirtaric acid 

fOpJic ai'iV: tnacti i j<:,i 


(Ill) 


Isomers of Tartaric Add 


i . :q i sir ? : c jj'a r mi, xt t . re of ( • 1 a r 
(-) forms is called mcenY;c 
mixture. I* is denoted os + 

e g. {+) -Tartaric acid 

iQrjJicaMjj Iriaciim:) 

1lV) 


Important t 

* In isomers of tartaric add, (!) and (II) are enantiomers. 

* Howemi, (1) and (H!) are called dkistereomers. They are not mirror image of each other 

* Similarly, (II) and (Hi) are also diastercomers. 

Oioitinomers 

Stereoisomers of the same compound which are not mirror Image of each other are culled dlastereonw - 
Although enantiomers have same physical properties like melting points etc 
The diastereomers are totally different compounds with different physical properties 
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,n\SOMERISM . GEOMETRIC JSOMEfffSM 


* * Sfi( m‘ri?sm (also coifed cJi- trails fsoniefisilfJ 1 results from e rfsinctiof? ' i; k 1 rifoo^t 1 
■ of^ ,l3 ' t ^ s ^ r| .'J^ |rJ hands m cyclic compourjds. 




n vif TR/CAL iSOMEBlStf IN AIKEN 


T' 


:ooh 

: — « 

k Of 


oow 


□ rliofl 
rcld 


siimoLr '■ 


TM «j-bcn atoms of th£ carbon -ca rbon double bond are sp 2 diy brie Ted. 
TW®fc j: VCil6pill&Lible boncTtonsists of a siqma bond and a^pTboEtd. 

The ■•3 T t ia bond is formed by the overlap of sp” hybrid orbitals'. 

Tliep'hond is formed by the overlap of p orbitals 

The presence of the pi bond locks tire molecule in one position 

The vo carbon atoms of the C =C bond and the four atoms tho: are attaches to :he . .e 
1 heir 'Os i lion in space are fixed. 

Rotaton around the C C bond u not possible because rotation would break the ; _bord 
Th^istriction of rotation about the carbon-carbon double bond is respons V for 
isomnsm in alkanes. 


-r e nuf-'.c 


rhi 


1 n & ,1 ■■■’ ~ „ " • 

l . . t ■-. <, •—■ - ■- ‘ - 






J5k ii is 






H 

\ 


/ 


11 


H 


* 


\ 


H 


. r .A 




h 


y 


v,. 


\ 




c 






, -vr 


r 





H 


H 


U 






.H 


x — -c; 

C -5 


Rotation 




H "'AU.v M 

A 

u 


H 


•) and 
\c 

ft ) 


Rotation about pi bond is not possible because it would break the pi ana 


U free 


for this situation is based uponl two bonds and two nail. Driy .n^r-r.c ;ra;i rue ■_ : :\y ■ 

fetation of the two bonds. But a second nail used, the hoards cairne? v- F 








f i,'t' t 'hrmtMr. /Vifr/il/ L 


' " * »>* 

' *i» .rr]v r ‘i t- r ,.,-f r t | 2 butene it exists ifc two spatial arrangements 


H C 


C 


H 


CK, 

O 


H P 
1 3 U N. 


H 


H 


CH 




f l-,C 


\ ^CH 

H H 

c/s- 2 - 3 utene 

(bp4 , C) 


3 


an H 




H 3 C 


N. 


H 


C— C 

bT 'CH : 

/rarrs-2-8utene 

(bp rc) 




These two compounds are called as geo met ri cal isomers . These are named as cis and trar;$. | 
Hence, this typ£ ot isomerism is also called cis-trans isomerism. 

^ T M C « ' son,r p s one in which twosiir^argroupsjire on the same side of the double bond. 

* Th ^ lsome P is tha [ m w/ijdi -two similar groups are on the opposite sides of double bond. 

Geometrical isomers are stereojsomeu. because they have the same structural forrnula'bui differe 
arrangement o^toms, --- n - ' 

The geo metrical isome rs havjjdjg ' 

“ nven “' ,nal haie like fractional d 


Injer-Corwerylon of cis*, trans-isomers 


' b£ 5 £S£ ,» 


* Upon cooling, the reformation of the pi bond can take 
plus as-2-butene, 


t 1 p\-bc-r.o 60 that rotation about sign 
places in tuo way giving mixture of tarns-: 
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if (6: Hydrocarbons 


167 


t f hrtmtfry fcdffui Hoard, Purt-H 


:erms 


Oefine or explain the following t< 

W Structural Isomerism Page 165 

(b) Stereoisomerisms Page 156 , 159 

(c) Geometrical isomerism Page 161 

(d) Optical isomerism Page 159 

fe.) Asymmetric carbon 

A carbon atom to which four different groups are attached is coded an asymmetric carbon 

Example : 


COOH 


HO 


H 


CH 


Asymmetric Carbon Aiom 


(j) Chiral molecule 

A molecule which has non-supenmposab/e mirror image is called a chiral molecule. 
Example: Lacfic acid 


.Mirror 


COOH 


COOH 


HO C H 


H 


OH 


CH 3 

( + )-Lactic acid 
m.p. “ 26*C 


CH 


(I) 


;-i-Lactie acid 
m.p. = 26“C 

(II) 


2. State the necessary condition for a compound fo s/ioir geometrical isomerism. Illustrate your answer with 

examples 


Conditions of Geometrical Isomerism 

(l) Presence of double bond or cyclic ring 

fllj j wo different groups must be attached, to each carbon o; double rend, c- :o different carbons of cyclic nng 


Hxatnple 1* 

No geometrical isomers are possible for propen e k is because one of double bonded carbons has uac iderhee 

groups (H atoms) attached to it. 


H 


CH 7 

\ / 

q . ~ . q cc -yee groups 

i / on sc me ca: ver 

H H S' 


/ 



.£*►1 


i ... s ' i -± it . ’ . p 
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4 ft % M fi.tirot winin', 




Chifrj'i-n" /-Vn - r ; 


Lxomple rpijs Tk is [g, because each double oor.: 

Geometrical isomers are possible for 3-hexene (CHjCH^CH-CHCHCH} 

carbon atom is attached to two different groups (CHjCHz and H). 


(ci 1 * 


V 

c 

6 5 / 

CHj-CH;, 


Same 

f Side "Sj 

H H 

>/ 

-C 

\z 


CH r CH. 


rrfs-2-Hexene 



/: Mifiiplc 3. 

No geo m etri c a I i soi 1 1 e rs t are t joss i bl e for 1 , 1 -da me E h y tcyc I oprop a 1 w . 
1 ,2 dimethyl oydopTopanc exists in two isomeric forms. 


* 

* 




H 


Cis ■ 1 , 2 ■ D i m e l h y Icy d op 1 opa 1 n 0 



• in cis 1 N 2-d/rriodiy/cyc^opropone the two metby/ groups ore on the some side of ring. 

• JVMruns i ( 2-(iirndhy/cycfoprofxirtc, they (in: on opposife siuW 


{ d) 


Wh 

. I 


l a 


3. 


IVMW» ttf the foil owing compound* shows grcurirtrirfff 
{a} 2 -liutenv 


/f wiH show yeomelrfcaf isomerism 


since two di fie tent groups are c'fuc./rc,] fo ouch ( 1 


ufom of doub; 



CHj-CHsCH— CHj => 

2-Butone 

a 

2 -Met pimj 

It wilt not sliOEU genu 1 of i kyif fsorneusni 


4 l 

ch 3 ch 

\3 z/ 

C— c 

/ \ 

H H 

cm- 2 Put our 




4/ \ 

CH, H ? 

tmUX t'UtOrlo 


drier one <w hon of double bond bos fu?o *imo group., j |V 
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LU.P AC. NOMENCLATURE \ ' 

il' : he parent hydrocatbon {> the continuous chain containing triple ht >rul . 
k 7 ' Fhe tiding ane oE the alkane is chained be -ym*. 


\\Y-^r- t 


K 


CH 

f ' 


CH^CH 

EHiyne 


CH r C=CH 


Propyne 


-2 1^' 

CH-CH-CH— CH^CEEECH f 


r - - - ft - - - - - /r - - - - • 4 ~ ~ ~ " T 

3 


5-MethyM’hexyne 


f3.J The main chain is numbered starting horn the terminal carbon nearer to the triple bond. 


CH 

\ ' 


CH 
I ’ 


z 

c: 


i 

:ch 


ch 3 -c 

3 E 


CH— CH 3 

3.3-Dimethyl -1-pentyne 
>; Correct 1 2 3 


1 2 
CH r C 


3 

Cl 


4 

CH 


CHj“CH 3 


f/rtcorrerO 


(&) £ riple bond is given the number of the lower carbon atom attached to triple bond separated by hyphen. 

CH—CH r C = CH 

1-Butyne 


(5) If two or more triple bonds arc there in the molecule, use the prefixes dk trk etc 

6 5 4 3 Z 1 

CH~C CH r CH—C=CH 

1.5-Hexad yne 

(6) Alkyl groups are indicated by the methods described while naminq alkanes. 


NAMING OF MOLECULES CONTAINING BOTH THE DOUBLE AND TRIPLE BONDS 
{ l ) The suffix *enc‘ is used to denote the presence of Double bond 

(2) the suffix -yne to denote the presence of triple bond 

[3) The suffix -'ene* always precedes -'yne' in the name o: compound, ev.cn when the double bernd 

the large number. 

(4/ The position number for the double bond is placed before me name of parent hehro-enruon 
(tfj The position number of triple bond is placed between -Yue and Ar.e' 

16} If same number would result from each terminal, the double bond .s ex e^ 


'i 3 *i_ -i_ 

... u.\? %.«; \ 


me low c- no : w.c 


CH, 

■ i. 

i 

5 * 3 i s 

HC=C CH — CH~CH . 



.■. "-C'. V .4P*A 


»* 

■ * * 
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{ N M }$: f ii ilroiiirbvtt \ 


X c .fi, v' ■ hiitmffi 


f I Jf t i‘l fU‘llf I I l'./' 


6 

5 

4 3 2 

ch: 

EC 

~CH— CH“CH~ 



1-Hexen-5 yne 

A 

5 

4 3 2 

CH 

EC 

— CH=CH-CH= 



1 3-He\ad emS-yn-e 

6 

5 

4 3 2 

CH 

EC 

CH“CHr-CH= 


i 

CH 


HC 


.3 4 3 

CHr^CH=CH 


6 

{ : H , 


} ft-u'rn 1 


CH 


6 

CH 


5 

C 


4 

c 


3 

c 


-CH- CH, 


1 HexerKv3,S-diyn^ 


i 

CH: 


2 

;c 


3 4 5 

CH — CH— CH 


6 

CH 


CH 


CH 


4-Methyl-1-hexerv5-> 


3-Methyl -4-hexen-l-yne 


ACTIVITY 


Give the IVPAC name of the following: 


(al CH™C=ECH 

1-Propyne 


4 3 z i 

W CHEEC C=CH 


l 


(c) H,C- 


2 3 4 

CH— C=CH 


1.3-Butadiyne 


1-Buten-3-yne 


ffl CH=C 


3 4 

C~C 


5 6 

CH — C: 


7 

:CH 


0 

CH^ 


{*) CHr-CH— C: 


CH,— CH 


5.6-octacherte-‘L3-diyne 


3-Hexyne 


E 


ELATIVE STABILE 




Alkynes are more stable as compared to alkenesdue to the presence of extra pi-bond. That is why aJkvne 
less reactive than alkene. 

This can be supported by the thermodynamic data of alkynes and alkenes. i.e. 

AH of 1 -Hetty ne = 290 kJ mol while aH of 1 -Hexene = 126 kJ. mol. Thus, alkynes require more energy. 



overlap 3 °* aCetylene are sp-hybndtzed They are linked by a sigma-bond due to sp-sp orbita 

pnbonds Vbndi2ed ^ P ‘°* ltals on one carbon overlap with two p-orbitals on other carbon to form tut 
The cloud of pi-eiectrons is present cylindrical^ symmetrical about the carbon-carbon sigma-bond. 






Ei 


* Rotation about carbon^carbon stoma bond tW not M c 

in h r c in ener9y and eiedron 


is a 





, > j 




js 


JttKxal 


■fan 
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t j 6 ; Hydrocarbons 


BE 


MORE PRACTICE 




£*■? ' q/ fryv ' 


4 3 2 

H 3 C CHj- 


CH 2 


H,C- 


r 2'“' CH3 

2-Ethyl-1-butene 


W.,C- 


3 

rr. 


2 

C 


/ 


1 

ch 3 


\ 


CH 3 ch 3 

2,3-Dimethyl-2-butene 


3 

HX- 


2 

Q-- 


1 

CH: 


CH, 

2-Methyi-i-propene 


HoC=CH— CHi-CI 


3-Chloro-l -propene 


HX : 


-f 

H - 


V 










»=;>■ ;-y(U ■ ;ertiire 


H 3 C:=CH—C- 


1 

CH , 


§ 4 3 2 1 

H 3 C CH— C CH— CH 2 


h 2 o 


A 


c 2 h 5 

2-EthyM ,3-butadiene 


HX- 


2 3 

CH — 'I 


4 


XH 

H 3 X ^ 


C H: 


S-zscHpropyM^-pentadien 

e 


S 6 7 


HX 


c 2 h 5 ch 3 c 2 h 5 


3,5-DiethyM-meihyM ,3,5-heptatriene 


..1 


- 7- 


Z-secXn:. ■ ! - zc f ■ f 


CH—bH — C^C- 


HX 


CH 

3-V t,M 4 - 




HX- 


2 

Cl 


3 4 5 

C — — CH — CH, 


4-Metby!-2-pentyne CH. 


1 

HC: 


2 

X 


3 

Cl 


4 5 

:c — hc 


/ 


CH, 


X 


5-MethyM ,3-hexadtyne 


H 2 C=CH -CH : C 

1 -Ft'W<- 4 -. -t' 



HX 


2 

CH 


a 

3 

— c- 


4 

C: 


5 

CH 


CH, 

3-Chloro-3-methyl-1-penten 4-yne 
4 *** 


• 5432 

I H ? C=CH—CH^C — c: 


ch 3 

4-Methyl 1 3-hexadiai 6 yne 


CH 


CS 


H 2 C CH— CH--C=e- 


|| \ 



4 f CH ■ 

C ; w s 


C CH- 


\; 

3-Ethyl- 1 -hexerv 4-yne 


1 'H .. 

Methyl .! 'u-w 


1 

HC=C- 

■ CH CH CH 


6 

HC: 


5 

C 


4 

c: 


H 


3 

C’ 


2 

C : 


CH, 


2-Methyl t -hexene 3,5 diyne CH 
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' ■ i*w^-urK>n.y CeHeg? Ckeimitn Federal fUnmi 

'SSS^SBSiSSSISM ~~~" Z — — 

1 ' 1( tiiUv. hl’s arc non-polar and are insoluble in water but soluble in non-polar organic > •■■ ■ e, . 



mmnnmsmm 



Alky nos can be prepared by the following methods: 
f ( J Elimination reaction 
fJt) Alkylation of sodium acetyl id e. 




GE 


The removal of hydrogen and halogen from a molecule is called dehydrohahgemtion 

AJkyr.es can be prepared by dehydrohalogenation of vicinal and germinal dihalides in the presence or. m. 
alkaline reagents. 


\n) Dehydrohalogenation of Vicinal Dihalides 

* A vicinal di halide contains two halogen atoms on adjacent carbon atoms. 

^ “ Cnr : D e \\\t , % 


C 2 - ii Uw <= S H i K- ^ 


vy 


Br Br 


Base 

*► 

-HBr 


CH— CH. 


Br 


Base 

*- 

-HBr 


-e * T\ y ■' 

CHZCH 


W 


Hjgher alkynes are also formed in the presence of alcoholic KOH, e g . 

ch—ch—ch-ch 2 + 2KOH 


^ t Z ■ fs f <\ 


In the 
to give 


Br B r \ v 

^ „ VW- 


100-200 ”c 


s\ 


CHj CH— C— CH + 2KBr + 2 h„C 


K-\- 


}\ 


^0? 


sasas^a gp - *+ 


at terminal c-a'om 


Vi <J 


^ 

CH 3 -CH-C=CH i*. 

TButyne 


ch^-c: 


CH. 


^ Wjvv. 



2-bulyne 


• Therefore , alcoholic KOH is useful whenfre Ai 


angement is not possibl 


\ ' 


* C s Hj — CW-C/Z-c^Hj + 2 KOH fllc " h "' 

1 J. 100-200 *c 

Br Br 


C,H r 


C=C 


C..H 


6 n s + * K Br + 2 H 



<C5ii 

1 -alkynes can be prepared from vie 


» C « H 5 C W'CW, 4. 

II 

Br Br 


liquid Nil 


3 NaA 




■dihalldcs wjilV sodkeri liquid ammonia 


-C’Na 


f J NaBr +3A, ^ 


. '■i . 


■ Wrw.ll 









11 e > th-dh*' 

ih‘ln , drc^hiiJtirii i, fniHi>n o/ Gemlnaf DJ/**rJMes 


/■ it (l'%r fhrmtir/ y “ • *'■ - ’ 1 * i? * ' 


\dihahdo containing Iwo halogen atoms 
qivvs nlkyne, eg., 


with the same carbon atom) on treatment with strong tow 


/ 


Br 



C^H—CHrCW + 3 NaAftf, 


\ 


liquid NH3 1 

■*■ CsHj— C=C'Na + 2NaBr +3 NH 3 

-33 "C 


Br 


C 6 Hj — C=C Na 


+ 


H*0 


c 6 h— c=ch 


fii) ALKYLATION OF SODIUM ACETYLID 


The sodium suit of alkune can be reacted m ith an oikyl halide to giae bigge. aficyne. 

^ C B Hr— C=C— CH 3 + NaBr 



6+ 5- 


C 6 Hj — C=C Na* + CHr; Br 




Acetylene (aikv ne) is an unsaturated hydrocarbon and shows addition reactions. V ^ ^ ” p C-. 

T+ akn underdoes substitution reactions due to easy cleavage ofC-Hbond.^ ^ ^V- N " ' ■ s ' 



its \mny n^i jo 

It also undergoes substitution reactions due to easy cleavage or C-H bond. c ^ ^ vi 

The pi-electrons are present c ylindrically symmetrica l about car bon-carbon s i qm ^bond and the remov e., 
terminal ~hydma£n-ts-f» ssible without disturbing carb on-carbon boding . Thus, electrophilic substitution 
' reactions are possible in acetyl™ 2 and 1-alkyens (terminal a!kyne?T 


r y^\ £1 


* 


ACIDITY OF TERMINAL ALKYNESn 




The acidic hydrogen pf alkvnes can be removed by a base \ 


r\ . 

R — C=C— H + 



r— c; 


+ B — H 


\Nn- 


. In ethyne and other terminal alky nes like propyne . >e hydrogen atom is bonded to the carbon atoms with-,; - - 

^_oywfep. 

. An sp hybrid orbital has 50% s-character in it and makes the carbon atoms more electronegative. Thus. " ■ 
sp-hybridized carbon atom of a terminal alkyne pulls the electrons more strongly making She attached hydro.-. : 

atom slightly acidic. 5 + 

-C=0 — H 


H 


0 H 6 * can be substituted with metal. Thus substitution reaction occurs due to 


At 


* ExQmpte* l- 

fj) Ww\\ 1 alkyne or eihyn^'is heated with sod-amide in liquid ammonia 01 passed ovo n loiten >odiur 

0/ acetylkW ate obtained. 

' * liquid NH, 



R — C ~ C H + 


Na/VH 


C~Na 


+ 


r NH 


r- . k ~,--V , ■ 

L-- - n‘ 4 1 •'•c • :-*/■ 


«c 


~CH + 2 Na ► Na C 

letylide Is a very valuable reagent foi chemii ,ii nth.v.s and i- . 


C Na 
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< t'Kfgf ( ht'mufr ' iv f ..'f/t'tif! i 


( II Hi: Hydrocarbons 


E£E 


W Acetylides of copper and silver are obtained by passing acetylene in the ammoniacaJ solution 
chloride and silver nitrate respectively 

<r ” ■■ p — — 

M:_CW + Cu 2 C/ ? + 2 NHjQH’ ► CuC=CCu + 2 NH 4 C! +2 



Bed ppt , 


HC—ch + 2Ag n3 + 2 - ^ 


NH OH 

4 


*■ AgC=CAg 


White ppt. 

TriUS ' thcse reactl0n can to detect 1-alkynes {terminal alkynes) 


+ 2 NH 4 NO + 2 


ver and copper acetylides pact with acids {^regenerate alkynejL 


Age— CAg + H 2 S0 4 <d „ute) 


HC=CH + Ag.SO 


2 4 


Th i A9C CA B + H,N0 3 HC=CH + 2 AgNO 

~ “ “" d for ,he TOio "- "■*— **—» . of alWs 


iCH + 2 AgNO 



S OF ALKYNE 


AjMes undergo addition 

The nigh electron density of the Tt-hnnrlc mi 

T “° f “!°n influence the relative reactlvilv JAl ' " ucle °P Uic - 

“ ;’ ud “ phfc “v -X a* ®*,g p mta1n'd mPared ' aikenB: 


(1) HYDROGENA TION 


^VnesTeact with hydroQm^7rr5; .... — — _ .. 

In the fa, step *n,s „e for™. P, or p : 

“» «•» "»'«ule 4lWnre*» ,fel 

N1 

Heat CH ?=CH : 


ch^ch + 


H. 


me 



H 2 C=CH 2 + H. 




Heat 


T CH 3 CH. 


in NH7(ii^ty 


Rvmembejf 
If two 


r -'S l\.\i >t ,.;■■• 
( $ coi! ^ svn»aiMiij 0 r; 

if tu >0 groups Qdi 
de> {t is catted an a -add, 


77 


f:. 


Q 


( uth'fct* ( .Sf<. . /vr/ivtf/ fS“ar f : Part // 


< I h'.s reaction is stereoselective because it gives only the Irons-alkene via an umi-ackCion. 

’ - i u* act ion proceeds via single electron transfer from the Na with 1 i coming from the ?k i 3 

die stereochemistry of this reaction is opposite to that or catalytic hydrogenation syr-addition 
* 1 reaction conditions do not reduce alkenes* hence the product is the alkene. 


3) HYL IRQHALQGENATIQN 


Alkynes reactfyith hydrogen chloride ani^ hydrogen bromide to form dihaloalkenes. The reaction occurs in 
skcORJance with Markownikov’s rule. 


CH=CH + H 


Br 


Second addition is according to Markownikov’s Rule. 


CH=CH— Br + H— Br 


CH=CH— Br 


Vinyl bromide 



/ 


Br 


CH— CH 

= \ 

Br 

1, l -Dibroinoedvr-., 


(4) HYDRATION 


V/aterWds to acetylene in the presence mercuric svlplvdy'ttenkvd in sulphuric acid a; 


3 A. 


CH=CH 4 - H 


OH 


HgSO. 

► CH=CH— OH 


H,SO, 


Vinci alcohol 


itf At* itiitrt: 

VJny! alcohol i r , uiistahk', ll hiv-> IheyiyilruxyL get nip ullnt hed (o si doublv banded <.viw utmv, nv: 
t y t'l^ldchydi* * 


iconic! :.vs 


\ 


H-j-O 

J r\ 

CH=CH 


O 


CH C H 


\ 


V 


V 


CH, 

c 

V 1 

t s y y 

H , 

0 

) 


* 

< 1 

CM, 

<; 


CH \ 


H 


i> 

OH 


V 


.As rlnklnht'L ! 

*■ 

n,so, 

o 


OH 


CH C CH 


o v\ 

\ 


A,, 


CH 


CM C 


CH 


\s 1 ■ 1 N ' ' . 

n li M lu-.h (ally ki « L| II 11 Ini i! U 1 .in .r ll. c ' 1 1 . ‘ U • \ sill 1 1 1 pi i Ml IN 



V' 
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1 H t try Uy-tnn \a 

(5) BHOM/NAI fON 


E 


Chlorine and bromine add to thepcetylenic triple bond /in 5 


: £7 _ . J - 


'lr. d, 


CH=CH + Br 


CCi, 


*34 X 


3 ■ - — C n 

Br Br 


CH— CH + Br, 


Br Br 


CCJ. 


Br 


Br 


Br 


Br 


m 


ch—c: 


CH 


+ Br 


CCI 


-34 X 




Br E r 


CH 3 CH + Sr, 


Br Br 


CCT 


Br 

CH — C — 


Br 


The Halogenahon may be stopped a; the dthafoaisene staa; - -- .. 

les s nucleophilic than even triple bone Ke-- 

(6) OZONOIYS1S 


c p 


5 f 


When ozone reacts with alkyne followed by acjcr _s . 


wo->: . r :r • - 


R + O 


H.O 


QUICK QUIZ-5 


What are reducing agent would 
(1} cJe-Alkene 


you use to convert an a.V^< :& a 


x sss ssr*« » “o. ^== 


— Ci 


Pd BaSC 

R + H s * 


V 


\ 


Quinoline 

flfj trotte-Alkene 

It can also be done by treatin^alkynes wrth_NaTiq nh, s - ; u 


\ 


H H 

,*■. I _ __ 


rr*w t 


:c— R + \ 


h 






( ff $ J6: Hydrocarbons 


t 


l , F\'.ii r r*i tfpjrxt Putt-I 


SOME IMPORTANT CONVERSIONS 


(ti iVfeihqne to Ethane. 


sunlight 

CH, + Cl, »- 

HjC 

-c/ + 

NC/ 

2 HjC a + 2 Ha — BT - 

HjC- 

-CH-, + 

2n<jc/ 


{11} Ethyl chloride to <?tftene 

CH-CH-CI + K OH 

Ethyl chloride 


alcohol 


H 2 C=CH 2 + 
Ethene 


KCi 


+ HO 


fj»J Eiheng to ethyl alcohol 

H 2 C=CH 2 + H — OSOiH 

Ethylene Sulfuric acid 


CH r CHrOS(hH 

Ethyl hydrogen sulfate 


IGO’C 


CH 3 -CH z -OSO,H + H Z Q 


► CH r CH r OH + H 2 SO a 

Ethanol 


ffu) Ethane to ethane 


H 2 C=CH 2 + B»v 


CCI 


H 2 C CH, 


HjC CH, +2 K 

i I 

Br Bf 


Br Br 

OH " HC=CH + 2 KBr + 


fu.) Ethane to Etherne 

sunlight 

H 3 C—CH 3 + Ct 2 ► H 3 C— CH 2 -CI + HCi 


H 3 C—CH 2 + 


alcohol 


HX=CH 7 + KCt + W 2 0 




M 


Ethvrcc to ArerflMehi’cfg ^ ^ ) 


H — O 

HgSO, | 

HC=CH + H—OH — ► H,C=CH 

HjS0 4 Vinyl s 

P 


Slmifarly Propyl e to Acetone 


n * %. 

*Y* \ 

h 2 c±=c 


CH 


H 3 C — C H 

Acetaldehyde 


fn) Fthene to formaldehyde 


C=C 

/ \ 


+ 0 , 


H ° H 

\ / \ / 

C C 




/ 


\ 


Ethene 


a 

Gzonide 


H 


ormaldehydF 



H + ZnQ 


f * 


,-V; 

i*- 


; ; ; ; * * -* * r . •• V .■■■’.«, -•gSrfL fU if. - . ■ ■ ’ 1 


WWW. 



com 




^ ^ ^ j?£." H ydir j^’2.' - - - f 


BENZE 



C v *y £ >< ■ • -.. 5 


BENZENES 


Important Infomtation 

Discovered by: Michael Farad a v 

isolated by: Hoffmann from 

Molecular Formula: QHj, 

Molecular weight: 78 g mol’ 1 

P« eatuies. ((,) Resonance. (//) Electrophilic Substitution Reactions 

* Hcff-iarr."- ^ a> d ~ C ?' srsd -*” ier ‘ e ,R 3lJ rir^ the destructive distillation of vegetable oil 
; ,ottmar,n isojatec it torm coal tar. 

As a functional group, benzene and substituted benzenes are called arenes. 


OMENCLATURE 


monqsub st itute d benzenes 


(a) Common System Naming; 

( 1 ) Se f ?nal n o 5 P K CedareS “f 3d0p:ed for na,Tun 9 mono-substituted benzenes 
^ arent name is benzene and the substituent is indicated by a prefix, e.g, 




Chlorobenzene Nitrobenzene 



Bromobenztine 


( 2 ) The substituent and tbs benzene rinn + <1 

is preferred e.g., C S H 5 CH 3 may be n^ed as k? 3 T PSrellt The ,ar 9 es * Parent ™ 

largest rule methyl benzene is preferred. (Since benzene is th ^' W Phw1yl methane ' According to ‘ t 
nmA „^ ^ <S the hrser Parent than methane) 

(b) tUP AC System of Naming: 

(V Mono-substituted derivatives n< 

Sr»~- 1 ' ben “" c - -- 1 * •» *. - to ,i,, „ 


Example; 



hlorobenzene 



CHrCH- 


Nitrobenzene 



Ethylbenze 



ru? 


(2) Many aromatic comnm i „ j l 

JKS22 kno “' n * — 

n rew are given below: 


or trivial 


I odo benzene 


names which are still 


sn use. 






li ilurik' 


Aniline 


Stv-v:'i 




DISTRIBUTED BENZENE 


(1) When there arc two substituents on benzene nng their relative positions st-t 

* prefixes jj rtho (oL meta f ml and para fja l-i n. common system of na 

* by numerals while naming according to IUPAC system . 



Is.. !vj 



a- Di methy Ibenze ne 
[ 1 ,2-Dimethylbenzen.e ] 
, io.-Xyiene) 


m - Din e thy ibe roene 

; 1 , 3 T)irn ethylbenzene 
(m-Xvlene 


(2) If the^ubstituente are different .and one of the m is an a ll 
carbon which is linked to the alky] group "and"' the secon31ul 
When a common name is used; the substituent which Is res 



in phenol, is considered to be on carbon- 1. \ hus. numbering is sranec * *■ : :r ■-/ 
group and such a compound is named as derivative of that parent 


*^i — — 




o-ChlomtoEuene or 
2 - Ch I orotoJ u etitfl UFA CJ 


m-Chlorophenol 

3-Ch3orophenc>i 


two substituents are different, they are usual! 

'oly- substituted benzenes are named by numbe 
west possible numbers The last named substitu* 

>t iExiicated in the name 
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t * 


( f lV ( hr*it\fr\ l ale t .<{ tf, w ■ 




4 

2.6-Dibromophenf >\ 



■■ ■■ - 2 - ...... _ ^ 

" • 7 - --■ a*iS€ : ’ v : posp.or.s are :r 


r.\e ■_- 



id seated by numbering 






rp ^ *-“■ m £ 
- - %- Z. , , -- 


OH 



« «r, r*» — 

y ■»■" ^ , 

“ -V-: _ieT.£ 

\I -2 4 , 5 - 75 ^ 5 ^. £-rv;p enzgne f/UiFWCJ > 
^ 7 - - - - EK r ze n es arestill known bv their common name 

CH, OH - 



Resort in: .•; 




COCH 

Ai 

A- : 


^eso r c.nc = 


3-h, drcx^ be"; 



ifljx) c r ^ r.r " ^ Example -S' 

-c‘oc„; -c 

SasSaSSaaS^’*."^^ & 

Vl Aif U I ■ M I ^ ^ '■•-’V-n- — in 


ACTIVITY:- 


2 ■ Gin tAi luitaMi 



raraelomcii ojfolhuing:. 

Cl 




(c) H,C = 



id) 4 • 




2 / 

<\ 


a 





( If of*. fhrfriH firfaift-i 




I 




MORE PRACTICE 


AROMATICS 


KC = CH. 




CH, 

*k 


5 J 


r 

COON 



NO- 


COCN , 

"°>A 


: . ' ' V 

3^r; 


' 5 


Benzophenone Vin/lbenzene 4-\teth:, certfc-c ac:c 


CH 



CH 


COOH 


3 f,.’--:” trcben^ere 2 Hvdroxs acetecnenor’*’ 

a 


2 1 




c/ 


3 

4 N 


H jC- 1 



,-Br 



6 i 


7 WNj 


g 

c/ $ 


:i 


NH. 

iC 

3 

4 


n 


wo 


3-lodOtOluene 4-Bfomoethyibenzene 3 Arrunocenzc c acsd = 2.4 -Tf (Chlorobenzene 3 Nilro-Jir -ilsrs<- 


Ct 


Cl 



2 

^ a 


o 

n 

C-H 




o 

II 

C-H 


H,C^JK^CH 3 

$r 


L 


r 4 



t 


a * ch 3 

1 3.5-Tnchlorobenrene 3-ChSoroben^aldehyde 2 4.6-Tnmethy benza dahyde 3 4-DnQdobenzoldehyde 


O 




2 5-Dichlorobertzenesulfonic acid 2-Hydroxybenzenesu 'on c ac d 



CYLCUC 


A 


□ 


o 


cyclopropane cyclobutane cyclopentane 

CHj 





N,C s * 

i 

2 3^ 


vr 


cyclohexane 

CHj 


cycloheptane 


W 

cyclooctane 


CH 


A 




Methylcyciohexane 13 -nimethylcyclopentane Methylcyclopropane cyclohexene Cyclo -1 3-pentadiw 




CH 3 



NH- 



N0 2 




l-ChlorO'3-methyteydohexa-l . 4-diene Cyclohexanamine Nivo; >-piohe> s:;c 


.com 


; 1 j 




’ ■' ■ 






f i j/.'« 1 < "h\ 'tnistr i •: /■ H -di -nti 8 . ■ . , , / f 


In the absence of polar substii 


boiling points and low sotubiility in polar sdv^^ hydrocarbons - The V are non-polar. have low meltino 


< i 

Si 







Xekute structures 

' '!* ^-'dve atoms jh benzene C w u ■ 
n - Jjc ID the same plane, 

rt t 1 *- ^Sw<u re . 


Robison structure 


■ “ V 1 ? ld V ^ conj u gated ,structu re. 

Conta]ns alternating C=C and C C h nn ^ T i r — — — 

,U, ° M!li valid resonance conMtii dlfterenl ^k^^; are obtained, These ar 

* Alternatively, these two forms ™ t ■ 

^represented by a circlcTaFiri the Robinso^stnjcture ^ ^SSSL^ ** the conjugated sy stera 

* Ad the CC bonds ate ] a A jk r 

S sa=i. C s -i "- 33 A| - «■» ** *—* 


Which representation Is best ? _ - 

Jn benzene all the CC hr*n3 ~T ~ — — - — - - — — - — 


*2 * m _ 


barto ns of Kekul^, Structure 

t-HU I _■ > . I _ . 1 _ ■ ... 


Kekule’s structure failed to exolam aT^~r" 
(*> Benzene is less reactive Why 



(2) It shou/s dual character i e a rh™ 

fJJ I,' !* aS leSS beat * formation, and ° n 3S Wel! as substitute reaction 

W It has equal C-C bonds. 


2 

orbJtof ^ — — — — — . _ — 


tar 


All six hydrogen atoms — h 
The bond angles ar^^^^ ith 

(? C-C C- 120°, and (mefi u 

S_ p"C’H = 120° 


w 8ENZFNF 


^pl^rtjbecause each C 

J-r '>-•'■ Olic’.S. 







CH I /#■' ttvitroi'iirhnnn 


f ttUy'fX' f !■■• ■ H:. ff, / f ■■■irf'tl ii-'r'jf i',r- !S 


Sf^ma Fromci^ork o f benzene: 

The combination of six sp* 3 -hybridized carbon atoms and overlap of six hydrogen atvro j proc e\ ’ r .e 
following sigma frame work of benzene. 



Delocalized pl-bjnndiiiQL. — - — 

• ■ Six atom fc p-orbitals one on eac h C-atom^re present perpendicu lar to t his sigma bonding, j 

* Each p- orbital overlaps in parallel manners with neighbouring p-orbitab to give a continuous ?hea:h of 
negative charges as: 





C<?nclus/o^; 

* The parallel overlap all six p -orbitals form an extensive delocalized pi-bonding which, spreads all tiu 

carbon nuclei of benzene, 

v/ • [De localization of p-o rbitals over t he e ntire ring produces sandwich like structure of ben ene and it decreases 
Je energy of^molecull. Thus, the molecule becomes more stable and less reactive 




nergy uiuiai- 

. 7 T , ow .y V -r \ \ wo> ■ 

'According to this molecular orbital picture each carbon-carbon bond in benzene t -n> of on.- mil 

\/ sigma-bond and half a pi-bond. Thus, the carbon carbon bond lengths llv aiunf and ban -now 

substitution as well as addition reactions. 






• ■ fir- * ** ? r . Tv*. -* K<f . ' ' , ?■ * 
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QUICK QUIZ-6 


H a 


,;Li7e she following statement: "Benzene is a mixture of molecules most of which have the structure 




or 




J hese tw o suuc twes explain most of the experimental properties of benzene ) So, it can be said that if bcnzer.e 
a mtxture of molecules than most of these have the above stmcturesT' 

c - a. ever these structures show that benzene contains double bonds, therefore, if should give reactions 
.d; . hydrocarbons i.e\additiQn reactions. However, benzene mostly gives Substitution reaction s 

^ enCe ’ are not actual stru ctur£s_oi-benzene , These can be considerec 



ODERN REPRESENTATIO N OF BENZEN 


(II) 

7 

to th 
Ex pi c 


With the help of molecular orbital behaviour we conclude that benzene has 
* ^ re 9 u l&r hexagonal structure with an inscribed circle, 

A hexagon has alternate double and single bonds. 


• J 








(I) RESONANCE 


^ f S^l s=h===*-w a. 


Explanation: 

The resonance is represented by a double-headed arrow, 

P^sible in (f'e p-electrons) of carbon atony 

a » me rouowing resonating structures of benzene: 








■Vl** __ (b) u 

- <-«4 "r- " ■ »• - -4 , 

Tl» Wtt h*”™ '*««*“•. »' »» staluros 

J^JSSjes structure have the lamer contnhi.t^ . r -, 

herefore. benzene molecule can be represented by ^ conn 


■ 







- 


1 


fr 


LV: 


C 

H 

St 

(3 

Tl 


ks 








, fh iturwinfr/ (j: 


( {tth'fti' f h^mtUfy. I i’rfi'rttl Haunt Hurt 11 


IS 


'V_> -V 


XVC:?. 

r ve t* *? 


;i y < - c ^ zczV.e bonds in the above structure are called conjugate bonds or 


resonating 


"* . ■*■ ”* r '».’ "*■ - “%. ■ » n ~ 9 -y* *■% 'i 

■*■■■» • v v Si ■ ■— i 


■ > _Vl ■ C'i" 


■>:cu tec 

_d ones a Teres 

- V- -1: M "*. Mm -fc T - f-L -I- . -I. -t, _1. ”» 

- - - - .: ... J-, ?„ 


. 4 5 resonance hybrid, therefore all the C-C bond lengths are equal f towever 
no- 'nose in alkanes, alkenes and alkynes. It is intermediate between those .n 


double bonds in benzene can better be represented as follows. 



S£SO.NAVC£ ENERGY 


!"W ■■ : z ccnpound is a measure of the extra stability of the conjugated system compared 

z uiu rmmber c* double bonds , Ie can be calculated from experimental measurements, 

L^JtOiitrcVor -- 

* The: dia@3SB shows the experime ntal heats of hydrogenation, AH h , for t three molecules, benzene, 

L 3 ~cv»cio hes adiijne and n..cidr€xer,e. 

* in: ncnn zone no ns they can. a*, be reduced to the same product, cyclohexane, 

1 *t£ i * - h c.r mo: - u ■ cc = :s \.~ r c . . 


n ’-.ncrn cnca. ' n.c : = ™£~e ~ c.ecule, Li 

•.is iihj, shelve nrhei C E^Ah^T dr :c dohexene ^ ( 120 x 3=360 kJ/mol), Thus, during hydrogenation of 

' rocrca- ere' bed d me’, energy should ze released from three isolated C—C bonds, 

nu ectnrir^i An^ :or benzene Is 203 kJ _moL 

:■: —ie dirreren :.-: ner -eer. mental value for benzene and that of hypothetical 4 cyclohexatriene"’ is 152 kJ 

r'. ■ " 

:nu - _UO = *c._ : r c ■ cai me . 


-.e, double bonds are assumed to be isolated from each other. 1 bus. 


* -._j :eru;-:re z led d “Ci more .stable man the hypothetical system. This is the resonance energy for benzene 


HESONANCI 
E NIRGY 


* i 


rO 


j f 


\ 


h yp ot h et i c aJ molecule* 
eye i oh e x at n cne 


L 5 t 2 kuT/mol 
2-6 kcaiumol 


* . . 

3 X : 2 j 
= 250 



■2 loo ai/rr ;-i 


2 LS icX/mol 
■ 3 5 uu oi 


231 kJ/mol 
5 5 2 kc al/m ol 




120 kJ/mol 
23 6 kc ai/m ol 

J 



nV 





-y • - 


r v 
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EACTl VI1Y AND REACTION 


r^. W. 


■v'J V 


?> -V^ • 






SA 




The image shows the electrostatic potential for benzene. 

• i he more dark area is the region of higher electron density and the less dark area 
is the region of lower electron density. 

* Hence, the aromatic p-system is nucleophilic in character. 

• For arenes, there are two types of reactions: 

J Reactions of electrophiles directly on the aromatic ring, and 
J Reactions of the substituents (since the neighboring aromatic group influences 

its reactivity} . 

* For reactions directly on the aromatic ring: 

^ The cyclic array of p- bonds is a region of high electron density so arenes are typically nucleon: : 
alkenes and alkynes) . 

^ Alkenes and alkynes undergo addition reactions. However, arenes typically undergo substitution ree 
which a group (usually -Hi is replaced and the aromatic system is retained, 

^ The stability of the aromatic system favours substitution over addition. It is because addition would 
the aromatic system. 


(A) ADDITION REACTION, 


• Benzene is highly unsaturated compound It has three double bonds in it. But it does not undent - 
reaction happily, i he reason is that it shows resonance. The delocalization of pi -electrons makes j! ay.' 

• So for addition reaction benzene requires more vigorous condition than that of alkenes and alkyne . 


(1) CATALYTIC HYDROGENATION 


Benzene can be hydrogenated in the presence of a catalyst as Pi, Pd. or Raney Ni only a’ fr~' e- 
temperature and pressures. ' ' •' 

* lf We USe the meta!s like Ru - Rk > su PPOrted at carbon then hydrogenation becomes easier 



H 
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i ; t, H\ dr{K art«}»i 

2- ADDITION OF HALOGENS 


IE 


C^iLtge C>-rf*-£n • iiira £*mr£ 


* 

4 


Benzene can add three molecules of chlorine or b/pmm^r.ce: ins "huencs c: ■ 

The benzene ring becomes Saturated ; and we get benz ene h e xachionde ar.d benzene nexAiom ide 
This reaction shows thai benzene has three double oor..c> in the ring. 



h a 


a 


+ 3 Ct 


hv 


UV P light 



Benzene hexachioride or 
1,2,3,4,5,6-Hexachiorocyclohexane 



Ci 


a 



H Br 


+ 3 Sr 


hv 


UV r light 



Br 


Benzene hexabromide or 
1 ,2, 3,' 4,5,6' i iextibrom ocy clohe xane 



Br 


Bt 


\eaction of F z an 4 J?-' ^ / ■ - — 

The reaction & F 2 with benz ene is v ery vigorou s^ while with Ig tt * s very stow/ 


""SSadStion reaction of hydrogen and chlorine show that benzene is unsaturated hydrocarbon and has three 
double bonds in it. 


iB) OXIDATION REACTION 




o Jnerol oxidizing agents. However, it can be oxidized un der^grMj^o.udjtto^ 


J) CATALYTIC OXIDA TION 


J r"! m X JE ■ 1 . J F 1 j | Jl ■ % r at — 

When benzene is oxidized with air in the presence £ VA at 450“C, then we get maleic anhydride 




O 



„ v !°5. 

+ 9 Of — -J-* 

450 U C 


ch-c : 

- 2 II T° + 4 c °2 + 4 H -° 

CH-C^ 

Maleic anhydride q 


I'his isfommetn.il method) for the preparation of maleic anhydride whic^on hydroly si s give maleic acid 

- O 


HC 

: — 

C-— 

OH 

H< 


■c — 

OH 

Maleic acid 

w 

0 






( 


' .;■ V; ‘ : i 


n"f* 

^rgW-: 

WWW 


•• i •. . 1 

im\AAinrlr| COITI 





,- T V W\ , W'nvy'ir:' 

-V?/' 

jt y , ' i -■ * . 



<! 


=1 
1 
1 i 


l ! , 


EJ 


r 


( fi r t 16: 

(2) COMBUSTION 


d < it wintry. 1 Moral lUmttt i 


When benzene is burn! in the presence of air or oxygen, C0 2 ant] If/) c\\i produced* j j - other alipf 
hydrocarbons V. f : l ' ! 



+ 



ISO 


12 CO z +, 6 H-O 


(3J OZONOLYSIS 


Benzene reacts with ozone and gives.ylyoxal,, First of all triozonide is produced as an intermediate 




3 O. 



<^ru> n - 


+ - - 3 

'Li n LJ 


t H fi O a t - — 


C HO 




V 



HjO 


+ 3 ZnO 


CHO 


(4) OXIDATION OF S1DF. CHAIN 


AlkV i^ P ^ Pre ^?r^ the benzene nn S are oxidized into carboxylic groups. The oxidizing agents e 

" ' 00 KjCf/j-, + HjSO,, 



are 


fffJJ DEL HNO, 
COOH 


3 [01 


KMnO^ + OH 


Heat, H ;j O + 



h 2 o 


Benzoic acid 


Ctfi-CM 


COO// 


+ 6/07 


KMn0 4 + OH 



Ethylbenzene 


Heat, H-G 1 

ili 



+ C0 2 + 2 H z 0 


Benzoic acid 


COO// 


6 ( 0 ] 


KMnO, + OH' 


Heat, H a O f 



+ 2H 2° 


COOH 


When both methyl groups are oxidized and benzem 


izmg agents. 


ring remains unaffected, the 


n ii means d : 


A 




' U V%# 


r. . 

- :■ \ . 


m 
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am 


/■ - 


•>* " *V- - B ! ' ' * £*■'*! :" ■** X. 


ELECTROPHILIC AROMATIC SUSSTm/TJO/V REACTIO 


General fntroducffon 

The r.-e.euu-or.s or' benzene are higky rabTzed d^e to reicr. 
e:-£-c trophic attack ,ke the electros of alkenes. They bo no* asTt v r 
■powerful eteU iupf^ks are required for a successful attack to penetrat 
cxsudTr. benzene - 




:£ 


^ O U. ■■■ -■'z - 

-. > y " " < 10 


Substitution of halogen in benzene requires iron or corresponding feme oa.:ua at taw 


EvpfonQtion and Exaropfe 

Substitution of halogen n 
mo.ecu.e to produce a powerful electrophile: 

0) Formation of a strong e/ecirop/ri/e {X' } 


s- ,_. r \ ,- *■ 

^ ' ■ 


\ 


V J 


2Fe 

FeX, 


■F 

+ 


3X; 

X, 


2FeX' 

FeXu 


V '< ^ A - 

r .f 

- Sr < — 

W 

Halogenoinm ion 

C \ 

The halogenation iorjhus produced attacks as a powerful electrophile or. the elec 

■ ■ — _ ^ L_ ' _ - " " — "* _ 


+ 


Xfrlffl lifflo/errole /on (tit/ 


(H) Attack of eiectrophite at pi-bond: 


ns c: :.e: 



Slow 



V 


V \ 


T 


Ii had benzene unstable. Thejsta bility j$ retained by the removal of H -atom to give substitution product 



X 

fv d' 1 

Fist 



J H FvX. 

1 + 



Lw J 


+ WX + FeX 3 


OvQvrtiJ f >t S itltyilttitUm 

I he vi'nt'j,d jMlh'in n\ I he « hemir.il rr,u tivily "I bvtvnu' towards elt'dronhiles can be shown w folk . -■ 







A*. 


Hb - f • 

/a .■ ^ 


i *' J 
" ', > • 


r 


■•■ ■" '- • »■ '• • ••• : . -y.- 

■ C-. k# ..- -f *• ■ .- ■ . , 

i 1 '. ,* .:-•*» rr .t*'f ;«/;*• . - '-' ■ 


■-■••'•■ • : -• v ' &J5« ?* ,v; • 


•» .. r- ' V*r > •r • y r'- - .• . >..v *V ... -. - 

•■ , 

. 

' -.V-:; *^VS3$*4i ' ; ■ 

j* - i . . •■{.» _ „■, * ,:jj <t • _w -t ^ • r r *■ • 

• •**, -: '••... . -i' A* -• ■ . 5C? 

-. * *Cf- • ■ 










■ J'j L /" £ J'j 1 ) ,'jVrj( nrbt/ti 


Reaction 


Nitration 


\Ya 


UNO. H,SO, 


Electrophile 


M J , 1 


Sumrmin 


Product 




Comment* 



FNO. 


J ' by O'.'* ( *J ' T A' '■ 




i I SO, or SO 


so 3 h 




V 




CL ! imji ! < < I 


cr 



ci 


/'j tversibh 




Hatogenathm 


Br , / \ e or FeBr,. : BC 



7.' jot tfu'd by l.f'wi't 0<:id rt'tnu -t .■ 


I 


/ . 4 /o rrn^/ by Le u ,' r.% < k ) d r* f mo ■ : a g i : ■ 


R 


Alkytatl f >n 


SOI ASCI, 


S< OH/ H 

! ' jet; ] M ii 1 [f .i 

■ 'Hi '■ 1 .-.lif i . J- M.. i , ii i- •( . i 

c c or 

■' •• C I : j I ■ 148 I'- 
< - j rl " 4- ■ s i r j 1 1 general bn) 


fc 




/.' formed by- ! rwis and rt*ra 


[< + 


\iCO( I Aict. 


Acylation 


I^COjCOR / AIC1 


ir 


RCO 


R 


-O 

R 

I 


/.' /orrntd Sy /fj% r > of ■■ ;r. ■ r,r 




o 

if 

CR 


J ' /rjr^ 1 4- * ;d by pn A on a i \ ■ , r l/ - - • 


C /or»if. j rj by : ..i- 'j'.s j- reiC' 


0 

II 

CR 


/orrnec/ by L:-v. ; :J . : ■/ 


rC ' ■■ 


EmCte !! Tm%*^** V ^ 5S = 


(1) N/IRATfOJV 

Tlie Introduction 


group In benzene ring i, colW ^tr«tlo„ o7b e „ 2c 


PHi 



u i ■>. Hy droourtv.-n 


< cHi tyi 1 V, -!r\ S t'Jrraj fi ; ■ . rr ' ■-J / ' 


EES 


MecJioji fstta 

Subhunc ac:;i -ca;:* ,.;:h ma.; acid lo zenerav rtitrcmui^ ion. 


. T' ^ 

3 V 


\ 


,v 


,v - N 


,-v 


a T-i V ■ 50 X 

H 0 NO 2 + H 2 SO i - 


/VO. 


+ hso 4 + h 2 o 


- i\ 


r 



^ O 

Slow 


NO 


E!ect r op^.:!e 





Benzene 




NO 



H,SCh 


Ni v VV'o - 


Excrete Q3 f tslji Fjcpfain the /of/ou:fjigf e/ecirophihc substitution reactions of benzene with mechanism. 

(c) S ulphonatiori' 


(2) SULFONATJQN 


The introduction a/ sulphonic acid group in benzene rig is called Sulphonation. 



H 


Benzene 



SO z H 


h 2 o 


Sulfuric acid 


Benzenesulfonic acid 


^ ^ 

When benzene is heated with fuming HjS 0 4 or concentrated H^SO., it yields benzene sulphonic acid. 


Fuming H^SCbbas free sulphur trioxide which is electron deficient (electrophile) and causes substitution 



A 




V\x 


. - V 


f 



BO °C 


+ I //O- j iS 0 3 H 

■ „ „ J- 


Sulfuric acid 



so 3 h 


h 2 o 


Benzenesulfonic ac c 



h 2 so 4 


25 °C 





Benzene sulfonic ac :i 
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f ff ■* 16: Hydrocarbon r 

Mechanism: 

When sulphuric acid alone is used, the actual electrophile in t.iis reaccor >' h 


t *.(}**}>.' f hsms tf} f rtirr*.-: 


H,SO,. + W„SO 


H,0 


+ 


WS0 4 


SO. 




Benzene 


._// 
o'/ Sulpher trioxide 

a 



w 


GT 



SO 




so. 



H z s °a 




+ HiO 


Ber.ze-e$u fon:c ac.d 


Exercise Q3 (6) Explain the following electrophilic substitution 


(a) Hatogenation 


reactions oj benzene u.izh mecncr. 


ism 


HALOGENA TION 


The Introduction of halogen in benzene rlno U Z r — 

Halogenaeon of benzene occurs with haiogens (X) in the 3 ° 9e ' 1ai ' c>n ' 


presence ot a catalyst FeX, or F, 



+ x~x 



HX 


“ = cce-^e-e 


Chlorination and brom [nation aro » 
poor yield, react ion but flu on nation is too ri- 



gorous :o cc:— - 


Fe or FeBr. 





Brc^cOeizer 


ft 

4. 







irf 


IEE 


( H 4 }6: tiydroi arbtfm 

Mechanism: 

The actual halogen at ton agent is X + that is formed by the following mechc 


f f hi - f j. v. #. 


an ism 


X 2 

+ 

FeX 3 

X + 


FeX, 

Cl 2 

+ 

FeC / 3 

— c/ + 


FeCI< 


The Cl being a shong electrophile es ready for successful attack on benzene. 



Chlorobenzene 


Whe fcalky] faenzenesV re treated with chlorine or brorrfination the presence of su 
are substituted. 


+ Fed ^ 





ch 3 



Toluene 


sunlight 



Benzyl chloride 


+ 


\ 



sunlight 



HCI 


HC) 





*- * K « S’ . 




I E 


s Wf'. 


' ; ' A *T?* r 5 £ .v£»i jilt fVifedbi On^l v ’* ‘ 


m 


^ie^ el^c raft s alkylation 

~V ^’^oc-joror C' -r r.'k 


IEOB 


“ - a~ "■■*■ T * ■■ 

^ v •-» ■ ■- V* ^ 

C i]v v :itc” - 7" -~ ct. j: 


t' ; v .’ i ’ ^ 


: v rv 


V. , - - 


: r?ffO 


■v * 1 f 1 “Cf 
. J K J 1 \ ' ■* 



ft' 


AiCL 



WAT 


^e~;e^e 




*■ . ?-"■ 




Af 


A 1C!. 


Ber^e'e 


ch ,— c/ 



cw 


^ 4 — * «-fc '■ 

* Ci- J - •- 


'36 


Q;Jt 



Ber^erse 


ch 3 -ch 2 — ct 

Etr . '» ” 


AICI. 


CH-,~CH 


HCl 


Etnyibcnzer.e 


H 


^ ; 

+ CH 3 -CH 2 -CH 2 —cr 



AfCl. 




C/"/^ C/7p~“ Cft 


fecihof 


Benzene 


~-Propy ch’oride 





2 ^"3 

+ wc/ 


ii-Propv^rtzene 


Meciicfi fsm; 




■ 'A: ffl • tjf. 



*_+ 

ff + 


- tectrophiie 
1 sarbocafron, 



+ AICL 





*( « > ^Ti^>V*rRv*i 

tffCD£X CRAFTS ACYlATlOf* 

0 

>•>' .^TXXlU’ 'lC r - ■ • ’ ■ if s . -v >ul R- 
- ; jfofy .AK ' . s . ■ \ . % r F* ■ ■ ' .. ic\> 


[Hi 




*► %JTl fK \ 








H 

+ 


AtCl. 




M , >1 


O 

!l 

C—R 


NX 


■ ,i 


o 


B<*ftz wv ; 


H 

+ 


CHj C i" Cf 

Acel r 1 cfi or tie 


AiCl 




i ; 


j 


o 

II 

c 


CH, 




(fjg c 

; k('! 


HCt 


Mt'tfoml 


c — c/ 


Aid 


R C 

r. 1 - * r : L ’ t? 

i A c v if- ' "' ! on 


AlCIj 





* ■ 



1 


7' 
i n 


To 






r Hydro- ,y rfcort'. 


rd/ivy f f Hour ?■ i 


SUBSTITUENT EFFECTS 

(Table oj Substituent Effects) and Making Poly-substituted 


Benzenes 


^hen aa ejectrophilic substit ution re action . takes place on benzene ring. gef^nly one -or osu Jsr. L , 
benzene because alFTh e sixpositions'-in the ring are equivalent. i 

However, the positiQr Tpfa second group into * the ringUepends on the nature the first group. The se 
substituted any enter in ortho, para or meta position. 








ortho 



meta 



• ° n P i,nce ^ 0^0 (20% + 20%). 40% meta (20% + 20%) and 20'?, para 

d isubstiluted products are expected. 

* } lowever, the results do not agree with chance substitution ratio 

fcxamph v 


rt pn-nilioehiorotxrgencj ia the main product of the following halogenatfan reaclio' 



2Ci% 


no 2 



NO 


+ HNO> 


h,so 4 


95°C 



+ h 9 o 


i J 


B 


NO, 

1 , 3-D i nitrobenzene 


& 




chljronitrobenzenc h obtained fion 



T 

td 

ti 

M 


+ 2 HNO 


h 2 so 4 



Cl 



2 H * O 




t O“2-Chloronitrobenzene 


! ‘4‘Chloronibobe i. 


eJSRSt"* *“* — *> ** _ te 

rht?n? m two types of groups: 

(t) oitho- and pora-dlreetJng groups 
(21 feeling groups 










'It. 


r a !b: Hydrocarbon.) 


be 


Ccilt'%? Chefni\iry: Ft Ji RoGtrf p : rf ■ ' 


) ORTHO AND PARA DIRECTING GROV 


£ 


release electrons towards the benzene ring, at ortho and jx.ro positions. Because these potion 


%SZ second group is substituted at ortho and para positions. The, 

t-pr nerally increase the reactivity of benzene ring except halogens. 




Jf:- 



+ 2 HN0 3 


HjSOj 


30*0 - 40°C 



NO, 


The electron releasing effect of methyl groups is significant and it makes the ring a good nucleophile. Due to mis 
reased reactivity, more nitre groups can enter the ring. 



CH 


HNQj + H.SQ, 


\- eo-70 ; ’c 


0,N 


s + 


2.6-Dinitrotoluene 


20% 

20% 




+ 3HNO 


HjSO, 


v 1c 


100°C 



amp lea (ortho- and para- directing group s) 

•N(CHj) t , -HNHj, -OH, -OR, -OCH 3 , -Cl, -Br, -1 


META-DIRECTING GROUP ; 


These groups withdraw the electrons of the benzene ring from on ho and para positions^ Due to the electro 
, ^hdmwing effect of such substituents, the ortho and para position are more electrons deficient than the meta 
m t: 'sition. Thus the incoming electrophile will prefer to attack on meta position rather than ortho and para positions, 
ese groups are called meta-directing groups. These groups decrease the chemical reactivity of benzene 




1,3-Di nitrobenzene 


■ The substitution of third nitro groups is not possible because nitre group has deactivated the • : - ■ 



(meta-directing groups): 

S , -CN , COOH , -CHO , -COR 









v! H ** 1 


■ ‘j*. - ; 



■■ f .*■ 


: XWC ' ... v, • . ' '.\*s :. ; 


• ''V '-'-H ■ .'-V .r Aj- 

«*». >' iaNt 


^ Vi . } . 

£5* > 


* 


. • . .. V •<••- 7 

.. 4 rt- A 


. --• r 
-■1 - » 


? ItV" ? i' 




r c, fii ■;■■, - f fr^urV/-. / • W H* i r . 


ES3 


2 . 


If the olecfronegaEiiiitv of the atom o/ the group attached to the benzene ring is greate y 

/ ■ -r - r€QSe the reactivity of benzene pH direct the 


a; 


s 


group, the whole group will act as electron repeliingj will iru 

i 

entrant to ortho, para positions. On the other hand ^ 

If the electronegativity of such atom is less, it will be under controMand it turn withdraw electron form : 


h) 


making if /ess react iue and directing the near entrant to meta position 

Z-xamples 

(i) ^NH : Nitrogen with greater electronegativity from hydrogen. 

(HJ -Cl has no other atom hence will have no danger of pulling electrons. Thus It is electron repelling ■; 
and p-directing group. Hence o- and p-directing 

0 

dij) -Jl— o Nitrogen with less electronegativity from O. Hence m -directing. c . g 

flu) In -S0 3 H, the electronegativity of oxygen is greater than that of that of S. hence oxygen disturbs f- . 
which in turn withdraws electrons from benzene ring hence m -directing. 


AHING POL YSUBSTl TUTED BENZENES 


Since the^position of electrophilic att ack a substituted benzene ring is controlled by the s ubstitue nt aln 
present rather than the approaching electrophile, the order of events in the synthesis of poll-substituted be: 

h 

need careful planning to ensure success. 

The two factors that need to be monitored are: 

* regiochemistiy (region-selective means position on benzene ring) 

• reactivity (for example Fried el “Crafts reactions are limited to habbenzenes and activated benzenes) 


6) B 


QUICK QUIZ-7 


1. fa) Describe the structure of benzene on (he basis offothwing 
fi) atomic orbital treatment Page 184 
ft!) resonance method Page 186 


0 P\u 


/ 


m PtOV ‘ that a cyclic. tructure. (E xercise Q3 < 4 ): will you prove that benzene has cyclic suvew. 

Beiuene adds ffireej rydrogen m olecuRTwhich shows the presence of three double bond? 

T C u f ft?” )? no* corresponds to any alkene.br alky* He.uv. Iv 

cJd^compoS^--^ MOre ° Ver ' ** product formed durins hydrogenation is cydohvxuiv , 

beJene W “ 0VW bv ^ Kuk and ,hen confimred by X-ray analysis Tlv , 







• J 

"4- 'P P/f 





*• * . r- H-rtr+e* '!** ft*. 


m 

ii . t*„. «_ 

£ ■ P^dict t br t p-viiiji-i* ^ Jhmftv ■ *>? ih- fWJ nOn.; * 

a 1 P"|lr»l| 

& Tehitffsff ^ 

’v_ ‘ J*. \ 




Op 


CH , 

CH % j 

,-:A 

*- - 

. T i 

F (p 0 ‘ ‘fb, 

Sa — 

2 

S 8 ; 

W ■■ ! 

i 

]) 4 ; 
o ^ 


CW0 

forr^o?o*uer^ # 

Ur 

B r 0 , i’!0i0 uo r ^ 

b Nifrot»nj«r 

1 * ■ 

1 




NO 


VO ; 

%.- 

P. a 

Ft or F*Sr,, 

- - 

+ 

' Sr 

u Br 


1 N 


fit 


E'c c" y : r*e'" 


f Bromob^n/tru 


£ 


Br 

A 


Fc- or FeBr. 


o 


+ 2 fir. 

Brgrr ,>ber ze^t 



Or 



+ HBr 


- 0f jr c j r ‘ 

•:r ; O jr ''P 


i Jr- 


So 0 

f. r ■ 


La/ 


■■ j 


;■ D Dron-':.benzc--'e ;-L'. ■ Dr : 


d,! B#tk/ok *(. 


, \ 

id i - 

COOH 


COOH 


Ff; tjr K-fc$r 



+ 


t ac d 

i ^ A 

! 'vj Banjul dr foyd* 

CHG 


Sr 



+ HBf 

Br 

m-Brgnoti^nzc-r. :\ ;] 


, . COOH , 

: ► r!L"r i ' '{ j ].*» ,( *>! .] “Vl 

if l; . ' ■ pr, xi ;< : :S 


* 


Fe or Ft-tir. 


u 


CHO 

l 


HBf 


St it tO 

r ■ • I [ r j ry A • 

St :, := . ? ri rjrtKiiii't ’> : 


•'f j Phttol 


Beri/.iSdo J /'0,.: 

a rr 

J , 


fJr 

j i I ! e . I . J ! •« • t • > Si--f U 


OJ 


1,if 

I ' 

bO - 



I if or I i lir 


+ 2 Br 


OH 

Ur 

r ! = + 


OH 

[ 


on 


'! a : 


1 ,rri O p fc 


F HBf 


Si • i 1 1 ! • 

h*l r J U ‘ 1. 1 


Hr 


0-i‘t 


• I u -I |i j 1 » ■ ■ : ■ * | ^fc.'i 'I 


yr 


OH 



4 t Nth 

' -S I r 1 f I I >4 '• III It 'phi'll I 'S 
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f ti b ifr. Hydrocarbons 


( i f hi'ntifr. / r y 


SOME IMPORTANT CONVERSIONS 


CW Benzene io m-c Moron Jtrob 


enzene 


} 


+ HNO , 

N:f :C ac d 


H ; S0 4 


5C-C 


NO 



H-0 



Nitrobenzene 

NO 


+ Cl, 


Fe or FeC ? 





HC! 


a 


Benzene lo p~cMoronJt rob 


enzene 



C/- 



O ororiCober^ere 
0/ 

NC/ 



+ 2 HNO 


HjSO, 



+ 2 H 0 


Nitnc acid so & C ^ 

Chlorobenzene <>C hi oro nitrobenzene j^Q 

p-Chloronitrabeozene 


(W) BvhJtrti? tn Benzole oc JJ 

■** 

I H " 



+ C/ ! 


Aid. 


t I 


Benzene Methyl chloride 



CHj 

+ W/ 


Toluene 


f*3 


COOH 

1 21 + 3[0} 

KMnO,+OR' 

ffS + 


H 3 0V Heat 



Toluene 


Benzoic acid 


SOCIETY. TECHNOLOGY AND SCIENCE 


aZrrZTT? IMPORTANT AS FUEL FOR FUTURE ENERGY NEEDS OF PAKISTAN 
EtfrePPl . Natural Gas, Propane, Biodiesel - an alternative fuel based on veaetahlo ™i= 

also known as wood alcohol, P-Series fuels - a blend of ethanol natural „ C a C an ' ma tats ' Methand 
fMoTWn P^vi« f..„u „„ U u ...... 5lenC! , C1, e . thano1 ’ natural 9as liquids and methyltetrahydrofurar i 


(MeTHF). P-Series fuels can be used atone or mixed with gasoline 

USES OF HYDROCARBONS 

(1) Butane is used as a fuel in lighter. 

(2) Butane is also used in same camping stoves 
{3) Crude petroleum is lighter than water. 

(4) Coal is used for the manufacturing of synthetic petrol 

(5) Ethylene is the hormone that causes tomatoes and apples to ripen 

(6) Oxyacetylene torch is used for cutting of metals 

(7) Methane is used to manufacture urea fertilizer 

(8) Kekule was the scientist who draw the structure of benzene 


m any ratio by simply adding it to the tank 



CH ft 1 6; Ihiinicarbitn', 


3iE 


< ofh’Xr Cfiertmtry: fV<M Hmrd; /W-l/ 


* 

* 

« 


* 

t 

* 


4 

* 

4 

4 


I 


KEY POINTS 


Compared to other Junctional groups, alkanes tend to have low melting and boiling points and very low solubility in polar 
solvents such as water. 

Alkanes are the simplest organic compounds, comprised of only sp 3 hybridized C and H atoms connected by s bonds 
They have a generic formula of C,1 1 2n+; 

Branched alkanes are more stable than linear alkanes, e.g 2-methylprapane is more stable than n-butane 

Alkanes react with halogens by a radical mechanism to give hnloalkunes. The mechanism consists of three steps, initiation. 

propagation and termination. 

Aiken es are unsaturated hydrocarbons with at least one C^C the double bond is composed of a 6 and a - bond. Carbon 
atoms in alkenes are sp2 hybridised. 

AJkenes are very reactive compounds. They undergo electrophilic reactions very easily. 

Addition of unsym metrical reagent to an unsym metrics E alkene takes place in accordance with the Markownlkov's Rule, 
Compounds that have the same molecular formula but different chemical structures are called isomers. 

Constitutional (or structural) isomers differ in the order in which the atoms are connected so they contain different 
functional groups and / or bonding patterns: 

Example: 1-propanol, 2 -propanol and ethyl methyl ether (C H.Oi 

Stereoisomers contain the same functional groups and diffet only in the arrangement of atoms in space 
Conformational isomers (or con formers or rotamers) arc stereoisomers produced by rotation about sigma bonds, 
typically rapidly interconnecting at room temperature: 

Configurational isomers are stereoisomers that do not readily interconven at room temperature and can (in principle at 

least) be separated. 

Geometric isomers are configurational isomers that differ In the spatial position around a bond with restricted rotation 
(e.g. a double bond). 

Optica] isomers are configurational isomers that differ in the 3D relationship of the substituents about one or more atoms. 
Enantiomers are optical isomers that are non -superim posable mirror images. 

Diastereorners are opticas isomers that are not enantiomers. 

Hydrocarbons containing a triple bond arc known as alkynes or acetylenes. 

Alkynes undergo addition reactions and two molecules of a reagent are added in it 

The decreasing reactivity order of alkanes, alkenes and alkynes are as follows Aikenes > Alkynes > Alkanes 
Aromatic hydrocarbons include benzene and all those compouSnds that are structurally related to benzene. 

Aromatic hydrocarbons containing one benzene ring in their molecules are called monocyclic aromatic hydrocarbons 
Aromatic hydrocarbons containing two or more benzene rings in their molecules arc called polycyclic aromatic 
hydrocarbons. 

The electrons in benzene are loosely held and the ring acts as a source of electrons. Hence benzene is readily attacked by 
electrophiles in the presence of a catalyst. 

Since electrophilic substitutions reaction lead to resonance stabilized benzene derivatives so substitution are the main 

reaction of benzene. 

Resonance energy of benzene is 152kJ, mole. 

Structure of benzene is the resonance hybrid of two Kckule’s structures and three Dewar s structures. 

The QH r group is called phenyl 

The dharacteristic reaction type of benzene is electrophilic substit utin. Some important substitution react is are shows on the 
fol lo wi ng dia rgram . c 

Groups like NH Z NHR, -OR, -SH. -QCOR, -X. -OH etc which 
increase the electron density in the nucleus and facilitate further 
electrophilic substitutions are known as ortho- and para- directing 

groups. 

Groups like CK-CHO, NH 3 , NR,. CCI 3 which hinder further 
substitution in the benzene nucleus are known as me ta-di reefing 

groups. 




c** . 
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'' '• ~ Hydrf.xArkom 


Colters i hi’mmn; / vrf * 1 ral 


EXERCISE 


UJLU 


es giue 


The TTfcptecijr/e of ethane posses which hybridization ; 

l,ef [bl sp^ (c) sp 

The sp s hybrid orbitals are oriented in space at one angle; 

(a- 109.5- b) 180' (c) 100° 

The geometry of acetylene is, -C Y~' ■ 

[a angular bi bent _ ^ (c) trigonal 

M^hicJi reaction is used as test for the presence of afkene ; i C 


(d) sp J d 


^ reaction of cold d inured alkaline KMnO : 

(ci Polymerization 

general formula of alkane is; 

j (b) C,H. 

hrne fs; 

(a)NaOH (b) KOH 

The marsh gas is 

(ai Ethane (jt^Meibane 

Acidic h ydtogenfs present in 

(?) Acetylene^ (b) Ethane 

The benzene moJeeuie conttibis: 

[aj Three double bonds jb) Two double bonds 

The electrophile fn aromatic sulphonation ts; 

(a) H^SO* (b) HSO , 


(b Combustion 
d Caialydc hydrogenation 


(d) 


z Mixture of Na and Ca hydroxide . {dfCaO and NaOH 
.c' Propane (d) Butane 


ffxj 

(x) 

(xt) 


z ■ Benzene (d) Ethene 

c - One double bond jd) None of these 


^ - , C(c) S0 3 , 

The conversion of n- hexane into benzene hy heating hi The presence 

(a) Isomerization 1 AromatizaTfon 

Catalyst used for Friedaf CrTft’s reaction is; 

< a ) .......Tbl AlCt^y 

Benzene con not undergo - 

(grElimi^t^n J: (b) Substitution 

Shape of benzene molecule!# 

(a) Pyramidal (b) Liner pla nar 


(cj Dealkylation 

(cl BeCI 

(c) Oxidation 


{d! SO ] 

called; 

(d) Rearrangement 


(d) NaCJ 
(dj Addition 




lexagonal planar 


? same atov 1 : 


stereoisomers 




- ■ * 




. . , , - ... (c) Trigonal 

I " u of the following compounds the benzene ring are Isolated; 

Ml Lo ZfZJfL to. to H""*”' ^phenyl nahto 

* ““r ■“ -= ssr — — - - 

rl to , . (b) toiton .« (c) structural isomers 

The isomers of a substance must hawe 

(a) same chemical properties (JbUarn* molecular *e: 2 h- 

, - ■ l^samelunctional groups 

(xvHH ? ^tfianol and dimethyl ether pre best considered: 

structural \$qtu &zT_ _ib) stereo isomers 

(xbe) Atkenes show geometrical isomers die to 

(a) asymmetry 


(c) enantiomers 


(d) diasteromers 


(c) resonance 


(^ rotation around isingle bond 

,,, . - cted rota fionaround a double bond 

(xx) s^Ge&metncat isomerism is shown by 

ta] lacfic acid " r 


maleic 


(c> l-butenc 


(dj 1,1-dichloroe 


thy 


>.■ ..-^c 




. T, 


- 


' i 








fxi 


>1 I 


■ tl ^ ffr It ■> rr ,t( I r i r 

t ■* X I J ft Hiufft atr i *t f i r if I i r lit- t fa hid 

i . . . f ■ „ i s, . , , ■ 4 ...... i , , • K r 

' » 1 j 1 i - f 11 J 1 i f jT: 1 i i : . ■ I ( ! i t j \ ft.nsi-fl V - 1 

! ( t |f 1 I t 1 1 1 i t i * i M . _ r ■ ■ ■ r i ] i ! t s ; i • i ■ i : } : ' ■ ! ' - . ' ' I - f . r 5 f !? t 

l « h| H/ilf/j <|/ {fr ^jfrJnr'Kf^ r-. ftiUt t ■ f:sr<i/U c hind 4 t ntfh unA 

! ‘ 1..11 i-f ■ rf N( I,:: i 1 ; I J • 1 J ’',- v<? ,'|S and 


'.V N 


i ■ | ‘J . v. i 


in i h i ■ s . i ■ 


f'* - fill 

All J'J'IPl/ll 4 1 


l.i, li 4 1 1 .1 i 


Ol) Wher: 


fr r Ft 1 1 ixl ,1 

1 r i i , . , ,1 . 

l H h#If) 

PfiiiMt' pfd 


i.ii idirnhi, 

f^nj 

fl is 

i 

1 . 1 - ‘ V. 4|-| 


lExvr.n ron 

itlF ?F ; I i!‘v l A 


! r r * 


•TP.Sl 


ir 
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ANSWERS TO MULTPLE CHOICE QUESTIONS 


[n utlvtnc. bolh ; - 1 1 : ■ ‘ i ;■ , : -. 

fcViK h. "! i hi, m is nil, . h- i ■ ;ih U ■ ■ 


20 ' ft V:: 


v 

_ • _ _ BJ 



. '-~1 — 

> L" 

» w 



(ill) Am: (d) linear 


Both carbon moms of .nvtv'.i m .in <.*;• >: v d So 

molecule of on !a li .CIrh ' 


H— C=C— N 

9 

The olhanex l\ 1V sntUmted r O] L 
formula is CJ l an „ a , e,g* + the fernuia o J etho '■ • v\: ■ 


Mi) Ans*: (b) Methane 


GftO«adN*QH 


]l T 


Methane ^ found in traces (_ -- 

called marsh 


t»*> A ns: (4) None of 


Ifi benzene molecule. the $;\ p o:r::.\s o’ > x cu v 
overlap uith each other to form o cooro^o > ox 
P’dectron cloud sheath. So actually. 11 -• • '"•■•• 

not present 


^ Ans: tb) Aromatization 


•-» S' 

• ’• • : - L * 


compound, so this : eat t Kin o xo,. 

h 


L J . v . 



K Lu 2 . 

- ar. 0 V- :: : 

J 5 A ^ 

ioo: 

s J t V . 

H : 

^ - 






n 






*• * • ,v 




wF 

www.topstudyworld .com 






( ti $ lb; Hydrocarbon^ 


i : 


f nfirgr ( fu'mhtt; / 


(xtii) Ans: (a) Elimination 


Benzene give substitution, oxidation and addition read ions 
■t-iiiv. Elimination reactions are not possible. 


Hexagonal planar 


IfBBEHBB) 

X-rays analysis has shown benzene to be ■ 

H 


(xu) Ans; (d) Diphenul methane 





In Diphehyl methane, both benzene rings are isolated from 
each other. 



(xvl) Ans: (d) stereoisomers 


By definition, the compounds having a: r > 
atoms attached to [he same a :o re- 
orientations in space are stereoisomers and 
ca] led s t e reois o m eri s m . 


- - , - - ... 


jxvjj^Aos: (b) same molecular weiqhi 


The isomers have same molecular formula. Hence, they 
must have same molecular weight as well. 




Uix) Ans: (d) restricted rotation around a double 
bond 


(xvili) Ans: (a) structural isomers 


Ethanol and dimethyl ether have same rr.o.az . 
(C a H fi O) but different functional groups. So :'r.s\ are 
group isomers of each other which ,'s e. :.~c 
isomerism. 

CHf-CH-pQH CH, — O — CH- 

Ethanol Dimethyl er h e j 






2. b 


Free rotation cannot occur around double bond. So, the 
rotation is restricted and geometrical isomerism is resulted. 


Ans: (c) if it cannflf be superimposed ou its 
rnirror im age 


(xx) Ans: fb) maleic acid 


Frifcc 


Ma.e:c acid fulfils the conditions of geometrical Corner 
is a cis-isomer. Its other isomer is fumade add $ 


HOOC 


\ 


/ 


COOH 


H 


« 


\ 


/ \ 

H H 

Maleic acid (c/s- isomer) 




/ 


/ 

* 

«■ 

\ 


w ■* w 


Fumaric oc.c 


By defmili °n, a molecule whiciHiaHiOT^uper^p^K 



ers- and trans-isomerisin is geometrical Uo-ri 
related to the chiral nature of molecule. 

(MOTE: A chiral molecule may also slum- goo:: v. # 
if il fulfils the Conditions of geometrical isomerism is 

the following compound will show hot • v , 

isomerism) " “ 

OH 

chiral carbon 


P. : -r. 


CH, 


Ans; (b) when j„ so | ulion rotate the plane of 
polarized light J 1 


M , °PK«Uy active compound must rotat^^Sw 
polan^ed light p 


Y 


/ 


H 


/V 

H 


Br 


t 

3?” 


^psmmms 

■ iml molecules .ire opt h -a| lv .v-av mo 
L ' kl the plane jvLtri.vd light 



C to 


• Y ^ [i 


f^xv) Ants: (d) by polartmefry 


Optically isomets can rolate the plane polarized light in 
'different direclions. Thus they can be identified by 
! polartmetry. 


rid 
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I . Why carbon is *p' hybridized fn the compounds 


The valence shell electronic configuration of carbon is 

fOi 


Ml 


L ,C (ground state ' 


i l 




Trt 

— , + s +, - . 


Z5 



SQlTi^ 

erer,: 


SO T only two p -orbitals of C are’ partially filled, therefore Carbon must form two bo nos Howevei carbon . 
tetravalerit in most of its compounds. Thus, in excited state of carbon, an electron from 2s or&itci: is promoted .• o 

empty 2pj orbital i.e,, 


ion ^ 


SZ ll£d alolff l 


Mi; 


zs 





Tnuin 

fione 

cturd; 


Thus C-atom becomes tetravalent. However, since there is one^orhtini and three p-orbitais for bona formano 
therefore, valency is not equivalent. So. the four orbitals of C are mixed together to give tour sp'-hyorid oavta, 


which are used to fonm bonds with other elements in a tetrahedral geometry. 

Hence, to explain the equivalent tetravalency and tetrahedral geometry of car non atoms in compouncs. m 

idea of sp* -hybridization is used. 


L? 


2, How is pi-bond formed in alkenes nndf affcynes; 


; 



t 


and 


4 

* 


CL /\ 


Pi-bond formation in Alkcnes 
Consider the example of { Ethane (C 2 H 4 ) 

In CtH** both carbon atom ^ho w jp 2 - hybridizat ion. _ 

The three sp 2 -hyr bridged orbitals yf each carbon atom are used 
\to form C-C a nd ITHrt-bondsT ^ 

\One un hybridized 2p z - orbital of two carbon atoms ov« 
sideways toVorm a'Ti-bond. ' 


H 


H 


■ CT 

c — c 


> . 


H 


H 



-TV-H' 


ner) 


i not 


Pf-boncf/orniafJort in /Ukurigs 


2 



T y z 


Jrisin 

eg 

stical 


z y 

Consider the example of BthyneJ C 2 H 2 ) / 

* In C 2 H 2 » both carbon atoms show sp- hybri dization. J; / % 

* The two sp-hyrbridized orbitals of each carbon atom are used to term 

C-C and C-H cr-bonds, 




75 



^ ^ Ui IV 

• The\unhybridized 2p„ and 2p £ orbitals if two carbon atoms overlap H _ c # C -H 

sidewayslodoirn twa-ji-bondC _ n 

In x-btm ds probab fifty of finding electron is present above find beloui the friiemucfear axis. 


3* What Is cfs-fraits Isomerism? 



can 


Geometrical isomerism (also called cis-frans isomerism) results from a restriction in rotation about double bond; 

or about single bonds in cyclic compounds. 


Conditions for cis-trons isomerism 

* Presence of double bond or cyclic nng 

• Two different groups must be attached , to each carbon of double bond or to different carbons of cyclic ring 

Examples: ” 



cis -1 2 Uimelr Mr, --If*:' opane 






W0T- 

- „ A V ^ 'J » r* > jr 
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( H * 16 : Hytiracta'bons 




< tiller i in- marry; f rtfs mi Jf*>, 


-*■" Why alkanes are relotfoefu chemically inert? 


Alkanes are highly unreactive. Hence these are also called Parraffln . (Latin, Parum- little . affins- affi nity 
H nr e activity of Alkanes is due to two factors 


(f) Inertness of o -bond 

In a a-bond the electrons afe very tightly held between trie nuclei^ A lot of energy is required to bre if 
Moreover, the electrons present in a o-borid cannot attack on any electrophile, 1 Also no nucleop! 
attack on them, Hence Alkanes less reactive. 


(ii) Noft-poif^r Bond's: 

The electronegativity of carbon (2.5) and hydrogen [2,1! do not differ appreciably. Therefore, the b, 
electrons between C-H and C-C are equally shared and bonds become non- polar. Hence, the ionic re 
such as acids, alkalies: oxidizing agents, etc. find no place in the alkane molecules for reaction. 

Hence, alkanes are chemically inert 


5. Al kenes usually undergo addition reac tions whilrnlk™** do not why? 


Alkenes are saturated and contain double bond. Thus they undergo electrophilic addition reaction •.*' 

H H 


\ / 


CC1, 


H 


/ \ 


Br 


H 


H 

C 


H 

C 


H 


H 


,o they do not give addition reaclion. 

V CH 4 + Cl, -t- CHjCl + HCI l 


tv 


. o 


6. What Is stereotsom eristn? 


" " 

The isomers hauing^qual number of 


y 


arrangement of atoms — --Sf- with idenWca ' connectivity, but differ 

study of such isomers is called stereochemistry ° tS ° mers l>,e Phenomenon is called steremsomerisn 


It is of tu/o types 

(a) Geometrical Isomerism or c i. . ^-isomerism: Example 


h 3 c 


X 


CH- 


H 


cis-2-Butene 


tf X„ 'CH- 

c= C. 

h 3 c - h 

trans-2- Butene 


(b) Optical Isomeri 


sm 



Mirror 


d WvO 


< 


COOH 


HO 


H 


CH, 


( + )*LactJc acid 
m,p. s 26°C 


COOH 


H 


OH 


ch 3 

(-}-Lactie acid 
mp. = 26“C 



frd- 


!?' 


( f! a M.‘ l{vrfr(H'ni r kmv 


Colft‘K4'( fu-whtry OvJhW lizard- t’nff-IJ 


7. Hou? optical isomers arise? 


' 1 . 


k it, 

faile 0 


An asymmetric molecule has n on -superim posable mirror image. Such n molecule > j m u , l ; opiicnl activity, h i- 
also called a chiral molecule, 

The optically active compound can exist in two isomeric tonus wnich tolafe the plane polarised light in 
opposite directions. These are called Optical Isomers and the phenomenon is known as Optical Isomerism. 

The optical isomers have same atoms and same connect Ivity of atoms, i lowever, they d if ter in spatial ,o In 
arrangement of atoms. 



COOH 

C H 

CH 3 

( + )-Lactic acid 
m.p. = 26* C 


Mirror 


COOH 

H C OH 

CH 3 

(-)-Lm’th’ iirid 
m.p. - 26*C 


L W hat are conjugated bonds jbrmed? 

The word "conjugation" is derived from a Latin word that means "to link together" 

In organic chemistry, it is used to describe the situatiotlhat occurs when p systems arc ' linked together', T has, 
an extended p -system exists over a longer series of atoms [e.g. C^C-OC orC=C-00 efc). 



Wily gfkenes are more reacifae th an alkynes? 

* Both alkenes and alkynes contain pi bonds. The electrons ot pi- bond are exposed to attack by electrophiles. 

* In alkynes, a triple bond is presen\jDue to high electrons density between carbon atoms, the C=C triple 
bond is shorter (1.20 A} than the C~C double bond ( 1 .33 A). 

* Due to shorter bond length , pi-electro ns of a triple bond are less exposed /arid less re active th an alkenes 
towards electrophilic reagents. 




10 h J(jsifjy jiyen order of reactivity? Alkenes > Alkynes >Alkttnes 


In alkanes, only^ma bond is present,; which is difficult to break. Henc\ alkanesare least reactive. 

Both alkenes and alkynes contain pi bonds. The electrons of pi-bond are exposed to attack by electrophiles. 
In alkynes, a triple bond is present. Due to high electrons density between carbon atoms, the C C triple 
bond is shorter (1.20 A.) than the C=C double bond (1.33 A) Thus pi-electrons of a triple bond are less 
exposed and less reactive than alkenes towards electrophilic reagents. 

Thus general order of reactivity towards e lectrophilic reagent is 
Alkenes > Alkynes > Alkanes 

However, alkynes are more reactive than alkenes towards nucleophilic reagents. 


/ 
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E 


H Vi :s fiiuifif hv dehydration of alcohols? 

- ~*L , 

i c wav- ir.olcci.ie > ai/.-iYf di’hydrofron. 

F.vamnte 


('othfge Chemistry: F nigral ftn^rj 


U 


A. vo vapors m alcohol are passed over heated alumina, dehydration takes place with the formation ot afe e 


Al s O s 


R 



1 

i 

1 

H OH 


R— CH=CH 


h 2 o 




340 450"C 


A/kerrc 


E 




A/cohof 

Other dehydrating agents used are P 4 0 , H-SCb, H;PO. ; 
The ease of dehydration of various alcohols is in (he order. 
Tertiary alcohol > secondary afeohof > primary alcohol 


1. 


12, Whaf ore polymerization reactions? 


2, 


V Eth 


Polymerization is a process in which a small organic molecules which are called monomers com. 
together to form larger molecules. The substances so produced are called polymers, 
ene polymerizes to-polythene at 400 C ala pressure of K10 atm 


n H 2 C: 


CH 


100 atm ( 4G0 c C 


Ethylene 


traces of 0, (0.1%) 


— (-CH-CH 2 -4- 


n 


Polyetheylene 


Good quality of polyethylene is also produced by polymerization of ethene in the presence of aluminium 
triethyl lAiiCd“L)J and titanium tetrachloride (TiCLd catalysts. 


fli 


13. Hoir u4lf you convert acetylene Into henzene?. 


When acetylene is passed through]' a copper tube ot 300°C. it polymerizes ro benzene. 

hcw. \ ^ c iL 

CH ^ ^ CH / 300°C \ HC 


r_) c 


CH ( jt,CH 

HC?' 



HC 


CH 
Benzene 


14. What is resonant 


0 


The possibility of differer^pamng schemes of valence electrons of atom is called resonance" and the didc'i ' 
structures thusarrangSd are called “Resonance Structures T_- . 

Example ; The following different pairing schemes of jbe fomth jvatence (the p-electrons) of carbon atoms 
possible in benzene. This gives the following resonating structures of benzene: 





6 

5 




* ' " ' 4 -.. 4 

The stabilit y of a molecule increases w ith increase in the number of its resonance Sfthrtm* Thus mo 

ofBen^nelTcnemically quite stable. - 

The actual structure of benzene is a resonance hybrid of all five structures. 
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solven: e.g. methanol or a 


CH 3 —CH 2 -CH=CHi 

1 -Butene 


! Br Br 

I i 

1 . 2 -Dibromobutane 


(b) What products 1$ formed inheri n-prupane undergo fallo wing reactions 


(I) Combustion 


(M) Nitration 

n -Propane reacts witl r nitric acid iiyvapour- phase under drastic 


ve n i n oprop air: 


nitric acid 


Propane 


1-Nitropropane 

However, under drastic conditions, the molecule of n -propane is broken down and form all possii. 
nitroalkanes. 


3, (a) When ethane reacts with CJ 2 in £J1/ light the mixture of products is formed. Give the detail of reaction 
itith mechanism and alf types of products. 

Ethane reacts with Cl 2 in UV light to give a mixture of products. The reaction occurs by free radical mechanic 
This reaction is called radical substitution reaction. The products of the reactions are: 


"i . 1 -Dichloroetharie 


Chloroethane 


1 ,2-Dichtoroethane 


1.1,1 -Trjchloroet hane 1.1,2-Trichl oroe tha ne 


1,1,2 -T 0 1 rac h i ore e ■ h n t - 


1 , 1,2.2-Tetrachioroethane 


1 -Id ,2,2-PentachJoroethane 


Hejcachlorocth 


n- Butane 






Pttrf. i 


f II h i Vi; Hydrocarbons 


Mechanism; Free ftadfecd Substitution 

fnjfiation step 

ace 'ir A A 

Step-1 C/-*-*C/ - 


•hv 


uv 


Pro pagation s ieps 


CWj-CHj^+W + c/J 


3S 


c/ + 


a 




_£\ -O n 


CH— CH 2 + 

Ethyl free radical 


CH]— CH 2 r ! CI+-* C/ » » CH 3 —CH r Ct + 


Ci'Ui ^ Cfn-rnhtn F?;; T :rtif Rttdfrf: /V rt. J / 


wc/ 

c/’ 


* These two steps are repeated over and over again. Thus, ail hydrogens of ethane are replaced by chlorine 


opane. atoms. The hydrogen atoms are replaced one by one. 

Termination .tten 



fort 


lanism 


(h) A compound when treated with Zn in methanol , the alkene is formed. When alkene is ozonolysed the 
acetaldehyde i$ /armed as the major product . Explain reactions , give name and structure, of the 

compound. 


H } C CH-CH-CH, + Zn 

.L_L 

1 Br Sit 

2,3-Dibromobutane 


ch 3 oh 


H 3 C — CH^CH— CH 3 + ZnBr 2 

2-Butene 


h 3 c ch 3 

\ / 

Q—C 

/ \ 

H H 

cis-2 - Butene 


+ O , 


H,C 


\ / \ / 


CH-, 


H 


/ 


\ 


O — O 

Ozonide 


H 


ie 




A C* 


H' 


\ 


H 


+ Zn ■ H ‘ ° - 2 H 3 C- 


C H + ZnQ 


Acetaldehyde 


— W-. Houj tuJlf you prove that benzene has cyclic structure? 

Soloed on Page 200 
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- v^f ■ 3 gp 


in*nzrnr d^rfi 


; ^ i ‘ 7 -r- ~ 


b | 4 -DJr Jiforobe’JtzrrH' 


, c) J-Nff roj^icuvlanilfic 



( 4 -Nitroaniline 


(J) 2 -Chlorophen^lamiite 


fe) 2-Hydro *yben zoic acid 

COOH 


4 y oclrf 

SO H 


( 2 -Ch!oroanil ne 


{Salicylic acid) 


*, pr«dlC£ *Jic moJr>r products q/ fA« reucfJons 


Cyclohexane 
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* M k If. H^rr^-orhftnx 


(M 


SOM 


yT T . 

H 



+ HNO i cone., i 

.1 


com , H t \ 
150 ' V 


M Ml 


( ) 


' 1(1 Jr ■ i 1 . ; . r 


If If 


ftw 


Benzenesulci'on-L see 


,J Nltr ohf'H/ 1 ' I ‘ 1 ’ ’ - 1 lil'hr C ■' K ■ 


id 



KMtsO, + OH 


+ G[0] 


Heat, HiV 


CH 


3 

p- Xylene 


C OOH 



+ 2 HO 

2 


C OOH 

fer-Phthalic acid 


(d) 


ne 



NO. 


+ HNO s (cone ) 


cone. H 2 SQj 


NO, 

1 .3-Dinitrooenzene 


120 °C 



HO 


(e) 


ne) 



-ch—ch 3 

Isopropyl chloride 


Benzene 







f // Jr if 6; Hydrocarbons 
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C •_ . -r ; , t' £7- / : . .. 


»-^U 


9. Name the following benzene derivatives: 


fa) 


f b) 


■ c 



Br 



1 ,3-Dibromobenzene 


'CH ? -CH, 

2 -E:nyitcLe"e 



fd) 


fe) 


COOH 


iT 



NO- 


3- B com a- 5-ch! o r on 1 1 rob e nzene 




3-C : ‘ o'oo-e"? 


Time 

N 

1 ■ c 


v 


\ 


Wfiy Groups are o rthofpara and meta-directors 
esonance Effect 


A 


:nh 2 



aniline 




■ %h > 


-t-l 

e, ^ 




jV H ^ 

s. 




tK®„O 0 

'X 



nitrobenzene 



£ .0 

+ & 

N 


# * 





->- 




h 


^:r 


A 


Thus, NH 2 donates electron to the ring while NO* group withdraws electrons horn the ring. 

Following things should be noted. 

* /r» case of anifine, the negative charge comes or ortho/pora -positions So, the electrophile will ato vie l 

positions. So, NH? group is an ortho/para director : 

Moreover, since the electron density is increased on the ri 

i th& rvxjtfri rhftrae mnws nt nrth/yfnnv 


i; ri 




electron density is increased on the ring, so if i$ on activating group 
In cose of nitrobenzene, the positive charge comes or ortho/pa m-pos if ions. So. ihc electrophile mVao: :• 

these positions Rather it u# attack on meta-positive So, NO £ group is a mad dha:io\ 


(ill ' 'V 


mese positions. nwnci » v r — s ■ 

Moreover, since the electron density is den eased on the hng h so rr is an dvaaivunny gj on o 
Stmitor/y othens can a l$o be exp/ained. 


■MIH 


if 


yjta 


V 


VlU'hkltLm iCEi 

The decrease in efeclron density at one position is o molecule, with corresponding increase in vice-' 
density ajt some other position Is called Resonance Effect or Mesomenc Effect. 

Examples 

in delocalized chemical systems, electron density- spread over various atoms. 
e*g* consider the case of Aniline and nitrobenzene 
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fcST VOUR SKILLS 


(AROMATIC COMPOUNDS) 


OBJECTIVE 

linn! 20 Mlnsitfti 

Note. < iwi writing, « tilling, .jar in Lining I trad penal will resull in loss of marks. 

V? * i >1* It tht t oriiit t uplion L«. A/B/C/D, Each part carries one mark 

111 Uu- i mi vet sion of u htfxanu into benzene by healing in l he presence of Pt is called 
ft isomerism ti ammati/ation 


( ft/U'jfp f hemiMr-, f-rtbrul /;.■■■, 


Marks: 17 


u.i t stilly-.! U'n j d for 1 nedal craft s reaction 


A HNO-i 


IV AICI 


.uu Renzox <u:id formed by oxidation of 
A. lolueiw B El hyj benzene 

d'- ! ^ t bond length in benzene is 

A 1 34 A B 1 20 A C. 1.40 A 


C dealkylation D rearrange merit 

C. BeCl a D NaCl 

C. n propyl benzene D.AII 

D 1 54 A 


Aiuinatik compounds burn wi Eh soolh Homo ht\ ausc 
A. High ptM'fe ill aye of hydrogen 13 Ring structure 

15 High p crc entium of car bon D They resist reaction with air 

t vi 1 Ho sc. h in nc e struct u r e < >f a m olecule s hould \ wvti 


A Same number of paired electrons B. Identical arrangement of atoms 

C N early same energy content D, All of these 

'.vir In which one of the following compounds the benzene rings are isolated 


A Naphthalene R Anthracene 
(viis! Benzene can not undergo 

A. t .limhiijtjun B Substitution 
i i \ ) Nitrating agent in nitration of benzene is 
A HN0 3 B. NO T 

n! Be nz ene o n c at; i 1 yl ic ox i da 1 1 on a t 500° C wit 1 i V a O ^ a s cm a k ■- 1 ■ ; i ves 
A. Benzoic acid R. Maleic, anhydride ( Maleic id 
m' Amonqesl following, slromesl om-direclmq group is 

A - Cl B. -OH ’ C - C b l U 


C. Phenanlhrene 
C. Oxidation 
C NOy 


D. Diphenyl methane 

D Addition 
D NO/ 

D Avctylci 

I J Br 


xid Fhc effect of substituent Cl in electrophilic substitution a ,-, c - is 
A- o.g-directot ami dime tivalmn R o.p d,iv-;l ■ ; ■,< : i: ; 

C rn-director and activating U m-dircctor and dcacln .iling 

xiti' The aromatic ring can be hydrogenated by using the < i;a, . : 

A Pt B Pd V Rh D None 

(xtv. Which xylene gives only one monobromo derivative? 

A PaiTii B Meta C On ho D None 

•:xv) Benzene is prepared from cyclohexane by the process called 

A Hydrogenation B Dehydration C. Dehydrogenation D None or thi 

>:vt In which one of the following compounds the nit mi ,-n is difficult 

A Toluene B. Nitrob e nzene C Benzene D Ph enol 

xvijl Shape of benzene molecule is 

A Pyramidal B Linear Plane C. trigonal 


D. hexagonal P ) ,i n . 


u 


lime, 2 35 Hours 


snvihc nvF 

Total Mark”. Section M kuI 
4 2) j |4 \ 3 12 

Q2 Attempt any FOURTEEN pari*. The answer to each part should not CM red 3 to <> I , 


■ !> 


(if The carbon- carbon bond length m Benzene is different h 
a Which compound contains the bngci bond 
h Give reason for your answet 

nil Aromahc compounds undergo Eteetrophtiu Submit ore i 
a,. ExuUun who NtfrAt^n fit t l* • l. . . 

Toluene into Tnnstrou-iije 


3 N 







£3 


- * :■ ' ' ir-. », k ■ Jju 

■v _ : , vw v, a:\ ^v.b ,- n^Vvulc JuMik 5 tint tmlh with ihe help of example 

• S. '■•■ ' ;v o -.wiVd i-: 1 o ,i, h(^j 1 ! , n , iviu' ' 
r 3.“^ -'v tv s'." into lvav:v 1 

: -■ -\ t \ ■■ . ■v :x?c.‘ • •.: : v a. ; i :■ r t? vs 1 1 h n vc h an issn 

H,Sl\ 


f t y.-s* i t-u--, K r -,'l ?\ 


u\ 

r /£ 


iZ » 


w 






■v ■ arc : - .r. r -carbons 


5 .v 7 r-cv,djC 3";d polycyclic arc mat ic hydrocarbons 1 


”4C ary 




1 5 

01 

01 

01 


*. ;- tbs; berjserw has a cydic structure with three alternate double bonds. 02 

b \%\. K^r-jk 5 formula was rejected 1 

i -•♦ " . -l - j'-j ■ as create contribution towards the actual structure of benzene; 

'- -?•* rae-arce enerj; relied to the stability of molecule? 

_i_ 5 >. ;-.y cart . r -c&rbor. bonds are of equal length in benzene? 

d-.s j v r - -. ■ : L shows that ’Denzene is a siit urased compound. 

, a Senz*-.s _. . . . j: ccrco-es electropt :3tc substitution reaction and not addition reaclion, w hv ' 02 


01 

02 

01 

01 

02 


/=. ; 


/. 


b 

o 


/•/'i 

h 


j. ■" » 1 T“ 'IP if” jH ; f . . 

€ k -% jj 


. be form ed hen ue react with C'u, is I he presence of sunlight 


01 
i 5 


V*r‘« hbe mechan®m of alkylation of benzene 
] , - j.- ■ - ■■ ytho and !■>:■'(; nttrololuenu while nitration of niii'olvivene rris'fii-dinitio .w ■<• C-S a. 

1.5 




a What products are formed by the oxidation of toluene and ethyl benzene 
b. Why ratrobenzc'.e is k-sv reactive than benzene towards electrophiles? 
f - edet hr :h acylation reaction 1 

iW-jj j,. >0 - o l :f r e.-. ncid from benzene' 1 

Q *<e ijarsieraJ mechanism of electrophilic substitution reaction of beniene 
a! ene s r ,e r J d ijr.d Cr^ilt rea'.lJons v 
'Affe 'Jv#v. r i i 1 of o xylene and p xylene'-* 

V,'r y l/erwa^.r sir jc.1 jft'i ol ber.jUfne i;re considered as unslrtble? 

How benzene i-, obl^rx d from A ■ir.elylene |J n hejmne 

f i. & *t\\ e lyjrr.ers of /.ylen<?% 

hic/i ? ft Justify | he given Order of rear Isvity Alkenes > Ben/eue ► Aikarw 
VJtial n.fotmalior v;#ss ■■jhlairied from / my .nialysis of U im m''- 1 

ufl What are isolated and fu-<ed [x jfy.yf Ik liydrocartjoni? t Hvs fXMlpIdf 
b Wh&( i;i H';S Vjn - ,lr j-r l .rc of beri/enu^ 


01 

01 

01 

01 

0? 

m 

01 

01 

0? 

01 

1 s 
L S 

i.V,' 

01 


_ r 


N«r<fr any iV/O r|ue*N<m* All qiuwihiii* € any eqmi I {7 " I f ' /( 0 


Q ‘I. a Hr/w will you (/rove that berizi-ritf 1 m * v H' ' *• »n !• n i- 

b F./ph-iifi It iv dru' lure of Iji'M/wiiv nst ot'hii'l tr. A I >ba1-d In mI 

r. Why ben/t r M J is stable '.x am I > S «] rl mn wilfi 1 m ! ’- 

j 1 }|f/jy will yon preprim bi-nvcm- h | >r» jl 

(0 AJkar.es bo Runol I In) 'mil <■[ '"i •" td 


I. ). ; . 

0 I 
u I 

o.t 




Q-«. !#J 


l^lilnirl lt«' Inll'rwiii'J - .1 

(l) I (ill) Siil|il>i'ii ’l m 1 1 

IjloSU lilt- -.lull rl'. I ■■ th.' 'I- 

(i) p I (ll'rtrrfiiril/iin ■" i' I (III rrl I llrilll' [rl I 

tl, 1 ,,r„ J yM>r-ll«rn<' (!•/) - M"IkI. (Vi !• 

I i/i rue F^jua 1 rrttfn dar<« 1n t f ] f !' 'jtipx 

Whnl prodiH h . in 1 formed whvn hr\i/\ iw m-u i " ' ' 

(l) lir a in pm-,w r o| sufillrfhl fuj *h ""i 1 h ' ' ' ' ' ! ' 

f xplaitn th-il how aflhfi mid r *u<t dim.lrnq -ilk'* 1 ■ '' ' ll : 1 ,,r, ’ 4 ' lu ' 

\h'hw Keavmm.rx. [Hawaii • J 1 ' 

What lure woukl you ,|l " ? r ' 11 ,tl l J11 '' lh,MlM "' l,A M< 


. ftr I 


(b) 

tel 
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CHAPTER # 1 7 


R 


ALKYL HALIDES 


AND AMINES 


R 


C! 


/ 


R 


ALKYL HALIDE 


INTRODUCTION 

Atkyl hatidvs arc the an u hich one h\ 'gen 

huh>gen atttm. They an: also krioun o s hah ’^en d» • i • s 


A- < - " ' - 


• . ■ ■ * 




TYPES 

Tht-y i:wr. ; v V - 

molecule Mor.^h i 


t? ^ art’ 


H 


H 

| 

I 

C 

H 


H 


X 


' w 


3 

H 




Dih&loaikan* 


. * * ' 


lASSmCATlON OF ALKYL HALIDE 


C! 


AIM hdiiir* •'•■0 . -km.} into primary. secondary and terr:^ ■ -,■* - cc? 

(I) Primo^ Alkyl Halide* 

Aiicyd • a r ii-.Mrb oiorxt is attached ufih prirriorv i’.tjiwt «;• e ce-wd : ■ - 

A pHmtir\ t af ^pi E * j f f tit* He'd to one or no cur£*oj | ? ilium is cc.lh?J ,z "”.1.'* C-ace: r - 


■CH^X 


CH-CI 


CHt-Ch^C 


V . 


*.*e\ w ' r i c^iof’de 


P H - K > ■ 

S V - W 


fJI) Secondary Halides; 

^ 1" »hleh kalogvn atutit <s attached „lth j ccriwf ■ . , . . 

haMt - A Stcondm, C utum Is M t . n > . it 10 <uo C atoms iMtaMOttric is , 


R 

CH— X 






f 

Cl ' / ' 0 V . 


’ -C^itjfop opaiv 


Trrilary Hufkfes, 

AIM halide*, in which halogtm atom |* * «*-*,-.( to a wmI^ k-„ . . ... 

A WrtJary C-oioim Is attached to ihrv<- tatoms si-iaii*miou,2v .. . , , , 

iwiiiimmi I 1 ! Mil ^ y™" , «w a m! - ? - ■ ■. ^ - v -nv . • 

\ CH, 


R 


R C X 

R 


% 

h,c -^-c 


1 


• 5 • 

., . -• 

’L : ■ . - 

■ . . . . ;. . 

■ ■ ■ 


-|CI 

\ CH.j 

2 Chuxe 
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f ■ I ■ » 



CH - 0 

CTi 


CHi-CH • -C! 


Cm. CH CH C ! 


CM CH Cl 


M 


CM CHr-CH CM Cl CH CH CH - Cl 

I m * % 

r, „ r ^ 

CH, 


CH. CH CH 
CM. 


C H . 

H, C Cl 
CM 


1 


l| /( PAf S \ vlr -t: < if t\ ti’ m , 


* I 

a c? 
a> \ 


CH; ch h cm c / 

\ - fc *■' 


CH 


CH 


CH, 


CM CH CH 
Hr 




Cl 


CM CH, CH CM CH 


i I'M • hf c 


l • i r * 4 r , 1 * 


( H 


n 


4 1 

CH CH C 


H CH 


C/ 

C 

c 


o 


< r 


c/ 


4 t ; i 

• ’ H . I H C CM, 



CH it l 7: Alkyl Halides and A 


mines 




MORE PRACTICE 


C,»iu i;, i ht-mi\lfy: / r,if h\ 


1 2 3 4 5 

CH r CH— CH— CH— CH 


Br CH 3 C! 

--Bromo-4-chloro-3-methylpentane 


7 6 5 4 3 

CHr-CHi-CH — CH — CH 


CH, CH, Cf 


z i 
CH— CH, 


ch 3 

3-Chloro-5-ethy[-4-methylheptane 


CH r CH r CH-CH-CH-CH-CH. 


Br CH 3 CHj CH, 

5- B ro m o-2 , 3 , 4^tri m e Ehy J hep Ea n e 


CHj-CHj-CH- 


Cl 

I 

4 3 

CH-C- 




2 1 

CH-CH 


Cl CH 


v ■ L oefitt . ■ I oro- 2 -m ethyl heptane 


Br 

I 

1 2 

CH— C- 


Cf 


CH— C 


5 

CH- 


Br Cf 

2,2'Dibromo-4,4-dichlorcpentane 


Br- 


Br 

i 

x 

c 


Cl 

1 

2 

0 - 


Cl 

I 

3 

-c- 


Br l i 

1 , 1 , 1 -Tri fcro mo-2 , 3-d ic h loro-2 , 3, 3-t rtiodo prop a n e 


/ 







or 


— CH: 


Cl 


2-C-h 1 0 f tt-2 ,3, 3-trim et hy Ip entane 




CH 3 CH, 

I I 3 

? 3 

o C — CH, 

I 

4 

CH-, CH, 

I 2 

5 

CH, 


CHj-CH — CHj— CH — CHj-CH 


CH 3 Cl 

4 -Chloro- 2 -methyl hexane 



Uli ft 


• s' 


CH— CHj-CH— CH—CH 


6 7 

CHj-CH. 


CH, CH, 


CH- 


. 

i. 


. 


3* 


- 5 - fodo-4 -m ethyl heptane 


_ ,’V" 




HI m 


■ „ /* ' 


,rf 


m*r 


> •' . J \ w - . j > » -*■ 


" / v' .- 
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A 


CH - i ■: AlAvi Halid ire and Amina 

5 4 3 2 1 

CH— CH— CH r CH— CH 3 
CH 3 C! 

2-Chi oro-4- methyl pentane 



6 5 4 3 2 1 

CH— CH“CH— CH-CH— CH 3 

CH— CH : Cl 

2-Chloro4-ethyihexane 

3 2 

CH r CH— Br 

i 

CHj 

2-Bromopropane 

Br 

Br — C Br 

Br 

T etra br 0 m om etb ane 

Cl — CH— Cl 

Dichloromethane 



5 4 3 2 1 

CH— CH— CH-C CH;, 

CH 3 Cl 

Z-Chloro-2,4-dimethylpentane 


< t>lU ■'>' f herw\Tr t F edirai B-ir-ir d: Farr- tl 
6 5 4 3 2 1 

CHj-CHj-CH — CH— CHj-CHj 

CHj Br 

3-8romo-4-methylbexa*e 

CH t 

1 

3 2 1 

CH— C— CH— Cl 

ch 3 

1-Chlorc-2 2 -dimethyl propane 


1 2 3 4 5 6 

CH—CH— CHj-CH — CH= — CH 3 
CHj CH 2 
CH-, 

4-Elhyl-2-methylpenlane 

z 1 

CHj— CH; 

Br Br 

1 ,2-Dibromoethane 

CH, 

I " 

4 3 2 1 

CH— C CH— CHj— Br 

ch 3 

1 -Bromo -3 3-di<nethylbutane 



4 3 

CHj-C 



CHj 




CH, 

1 

5 4 3 2 

CHr-CHr-C CH|-CH ; 


Br 

3- B romO“3-ethy I pe n tane 


Cl Cl 

2.3- Dichloro-2,3 diim> thy t butane 







^ fiai mut Inuth-s 


HYSICAL PHOPERTIE 


ft ' . ; ■ 


) he alkyl halides contain a polar bond. Thus, it has higher melting points anc boi:;ng y. 


the alkyl halide functional group consists of an sp 3 - hybridized C atom bonded ;o a r.. : - :ye” 
o -bond 

The carbon halogen bonds are polar due to the electronegativity and polarizability of rhc haioge 


PREPA RATIONS OF ALKYL HALIDES 


, ::ti - \i V- 
.*"«■ • . ■ #,■ • 


Exercise Q3 (it) Gii>e three methods for the preparation of alkyl halides. 


(1) Reaction of Alcohols with Hvdroqen Halid 




C Alco h o j yjria y be converted to the correspondin g alkyl halide sfou the^ction of halogen add in the presence 
o frZnCtaj as a catatyif; ^- — — . 


CH 3 -CH 2 Jotf + ftj-x 


ch 3 -ch 2 -x + h 2 o 


11 1 . III ■ ■ , ■ I I I ■ M ■III J IMIMMIMI II .. _ - 

(a) Alcohols react wit$ thionyj chloride In pyridine as a solvent to give'- alkyl rhiiW e^h 

This is the best method becausej^HCt and SO 2 are gases which escape* out leavir^ behind the pure produc 


.1- 


/‘"pyridi 


me 


l 


/ 




r — oh + (. soc/ 2 ^yyyy r c/ + 


(ti) Phosphorous 


y ' 


pen tahalide s react with alcohols to from 


3 CHj CH OH + P Br. 


3 CHj-CHj-Fr + «Po 

3 3 


CHj— CHj — OH + PCI 


CH— CHj Cl + POCl + HCi 

■3 


(3} Halogenatlon of Alkan 


• Alkanes react with chlorine or bromine to give alky halides. 

• This reaction takes place in the.presence of diffused sunlight or ultraviolet light 


CH 


— ch £ + ct 2 


U V, light 


r CH 3-CH r c/ + He/ 


NOTE: 


• This method does not give pure alkyl halides. Halogen derivatives 
atoms are also formed along with alkyl halides 


containing two os more 


The detail mechanism 0} this reaction has already been discussed in Chap ter " 


JbsJrtirijojr Wet r< 


Exercise Q3 (l) Discuss the reactivity of alkyl halides. 


There are two main factors which control the reactivity of alkyl haiid vs ■ 

(1) Bond polarity of C-X bond 

(2) Band energy of C-X bond 


( If i v f 7 , .Hhfl t tataies am! \miHr\ 


i i i.i X. < ' .'iv •. 1 > 


I r Bond Pofflrltj? 

* The molecule of alkyl halide is polarized due to the gi cater ciccnoncQalivity ol halogens i ompiivi ; = C 


Aloftl 

Efeclroneejatiulfy 

Atom 

Efectronegaffolty 

1 F 

4.0 

I 

2 5 

i ci 

1 3.0 

H 

? i 

4»- ■ ■* 

2.5 

Br 

| 2.8 — 
E T- " — 

T"C^ 


Hence carbon acquires pa rial positive whereas halogens acquires partial negative rve-.ee ( C 
Halogen becomes nucleophilic in character, wnich can be replaced he another nue eophile. 

* _ i _ — — ■ 


l£+ 


¥ 

X ) 


* The polarity order is R-F > R-Cl > R-Br > R-l 

2 . Bond Energy 

* Experiments have shown that the bond energy of C-X bond is me main : actor when decides Ine 
reactivity of alky halides, and no: the polarity of the molecule. 

* A study of bond energies of C-X bond shows that C-F bond is the strongest. So tne overall order of 

reactivity of alkyl halides is: ^ ^ L / Tty L \ 


R- iodide > R-bromide > R-ch/orrde > R-fJucJride 


--An 1 / A 


* Id fact the C-F bond is so strong That alkyl fluorides^do not react\under ordinary conditions, 
, \VU, L . b \ T7 "" s ' -- — ‘.v . 
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NUCLEOPHILIC SUBSTITUTION REACTIONS OF ALKYL HALIDES 


Alkyl chlorides, bromides and iodides are good substrates for substitution reactions. 

A variety of nucleophiles can be used to generate a range of new functional groups. 

The following diagram reflects some of the more important reactions you may encounter. 
For practice, make sure you can draw the mechanisms that lead to these produces. 


Reactions Summary 


R-X 


R“ OH 


R- OR 







tllti 1 7 ; Aikyf Halides and , 1 


mines 


Important Definitions 

Electrophile 


Calf eg? Chemistry; Federal g 0ar{j ,, 


r/i 


Specie in search of negative charge is coHed on electrophile 
Example* 

, Br + , CH 3 + etc. 


1 


Nu cl eophile 


Specie in search of positive charge is called a nucleophile 

J Tl^ ^ SPSCieS ^ Wi ” ^ WUh 0n e,ectron P°° r V*cl« 

t has a lone pair of electrons available for bonding or has negative charge 


Examples 



Hydroxide ion 


Ethoxide ion 


Hydrogen Sulphide i o n 


Thiocyanate ion 


Water 


C!~ 


Br 


NH, 


Amino 


group 


Chloride ion 


Bromide ion 




Ammonia 


'Substiiutton Reaction 
A substitution Is the reaction tn which 


one group replaces another. 



moUck are ailed * fcl * » *™W °> already preeenl 

■=£ 31 - C « ,c 


SOI 


jr 


Nu~ + 
neucleophile 


ft 


I5+, 

C LG 


substrate 


c Nu + LG" 

product leaving group 


2£S£<y sKr-s# sis ™ b - d due to the presence of an electror.ega: 
Nud^pMc^Mon * w , he on of fanctten<J 9roups 


cs 


— — 

There are ft^ndamate^ntefti a nuc leophilic substitution re ^~ 
1. formatoji ofthe new o-bond to tKe^ucleophiteX ' 

n .« — rf 0-bond to thi ' ' " 


EE2 

T 


Exiai? 


iymg^group 


Depending onthereladye timing of these events, two different mechanisms are possible 

• First jgl d bond break gan<fSg[new bond is formed?; S„I reaction 

• Simultaneous lrbndTorTnation and bon dbreakinq~p reaction 


lr 

c harg 

Howt 


/ 






, *!. ir •, •■* ‘ ,v*T! 







r II * i f llithiU i tnltf 
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AKBOCATJONS AND THEIR STABILI 


The ton wlthfllivalent carbon and have poslthe charge on carbon alow (s c ailed a carbocatlon. 

Stabfffty; 

* The <jt?neraS stability order of simple alkyl carbocatiom is 'mo.tr stable) 3 > 2 > 1 - methyl < least 
stable) 


if 


H,C 


/ 


CH 


CH 


H,C 


CH. 


H 


ch 3 

h/<„ 

I s 


H 


'H 

methyl 


This is because alkyl groups are weakly electron donating due to hyperconjugation and inductive effects, 
So» due to electron donating effect, they stabilize the positive charge on carbon atom, 

* Since, Tertiary carboeation .has more alky i groups attached to the positive carbon atom, so. it will be more 
stabilized than secondary carboeation and so on. 

* Resonance effects can further stabilize carbocahons when present. For Resnnancc Effect see page 215) 


In . 


.1 cT 


tlV< 


SOME EXPLANATIONS 


Hypercort luga t Jon 


The conju^ai/on ofj? - e/ectroms of a C - H bond i tilth p - electrons of the unsaturated system or with 
p - Orbital is called hyperconjugation. 


Examples: 


C-H bond and Double bond are in 

conjugation called hyperconjugatton 


H 




a 


CH=zCH 


2 


H 


(alkene) 


in carbocation C-H bond and p- orbital 
on carbon with positive charge arc m 
conjugation catted byperconjugation 



(carbocatlon) 


* 




f 1 c t i t : e Effect 


The polarization of a bond induced by an adjacent poJar bond Is known as the inductive Effect 


Example 




tV 


H 7 C^CH 2 -^CI 
J 2 1 * 


:j i n ethyl chloride,, the more e lee tro negative chlorine atom pulls shared electron towards esc-T Thu it qeis o' 
^ge ara^i .gels.fi + charge. The C-l in rums pulls electrons from G-2. Thus 0*2 also gets slight frd r charge 
^ow'evef, charge on C-2 is less than C-l because pull decreases along the chain 


WHMH 







ft i/i 


- 1 ■Jrtj ^.n: •... j 

; - . a ine S I 

■; £-■ rr.:- 7 : 0 ; •- ■, „ r ^ 

^ Addition* cr.j aikene* and alkynes HX. H s 0‘ 


!TT 7 


f. ■... I J ,Vfj. . 


LCLfQPH/LES A/VO BAS 


ii ■ ■ x m ■ ■ ^ 

•!r njji-ri . v rich i n electron Oftd has. on LmSihart’d pair of ftcCUoi i>. m itiLible for hornting. 

* En nnost .: ls ha* 

* It r:,.y. •>• ._r dreed . ■ - L . •• » 


t Vurnp lei 


HCV 

\ : . - \, • . . 

Ammo Oroun 

Tc-HjO 

Elh 'Aide • mi C. 

i -. ."- ion 

. HS 

j Hydrogen Sulphide km I Br 

Aron'-kie son 

’ SC .N 

b - =• . 

■ 

Ammonia 

H,0 




Generally, r/ <1 spty ,e* jprc'^i \n . .-i r>. ■; -rj.*. . v r: , v >. r . , 

on a h.-dt' yjen ■ t> ■■ 


tniclrtiphile ' ■ L ■ ■ -f 


k ■' * £ 

HO” + CH 7 -CH r Br 

N;X ; f I- J 


- CH , CH— Br + Br 


S .L’-strtuiion Reaction < 


h 

i r ^ *+ 


|-~V* s- 

HO -f. CH?-CH^-Bf *_ rn - r-LJ i Li fi t — ■ 

2 - - ^ + Br Elimination React;? ■ 


gKWiMfJi.’ y .ju.n i 

SUBSTRATE MOLECULE 

Th. oftqrf h allJr nwfea*. on tnMrh o V wtorjls ,, 


if >udj^d,r I1 ji. mn^rculi' 


LEAL J JVC GROUP , /.g j 




u “£* *"■* '■ ft ..'ft. .... pul, „ /clcaro „,. 

he incoming nudeophsie must be stronger than the leaving grour? 

GqcmJ Leaving; Groups axe- CJy Br’, 1~ HSD/ ' } i 




Poor leaving groups are q H - or <!nd ^ 


<p 


F 

S 



iodide ron is a good nudeophrie to well os a good teavm 

K 


•\Vi V- 




H 



XT 4 -' ** 


■C LG 




Both tftese process ore similar as both involves ionization 


+ LG 


* Thf jirst.r eartiiir f represents The Br&o>t&cf aod 


a 

fiA 


The second reaetton represents. the Joss of a leaving group 

^MrT 1 w ’ ’ ir -^- - - 


m an S W 1 type reaction 


['71 







t i: 


tK' 


* . 


1C 


1 « f #• 1 

^ * r\ ! i'.*' d 
*■ ^ -fd 

I Air 

ISii'ir 




V * |f\ P" M .If 


Tkil ■..’lie :! « ' .!,■ 

1 SO I' 1 I eif ■ . 


t* O T* 

O 




<, * - ■ 

1 + R ^o--S‘ • 


i - 



R 


p T‘ifri»niiiii Jp^Q"ii‘ , c "Jf t totyi j - QTs 


F Trrrfw QJ i idfJ i ipftrJrt In dftof/ S^l and ft-ui-fi ,m uii.h r’lfL-htiriif ' 

fc lubilliiiihin h udrophiUc uiitmoii'culuf mo -r.r: ■ 

EXPLANATION: 

3 t tajtes place :n !uo 'Vjjs. 

Sl«p>^: TTw sutwiTftlc R-\ first nom, isn e: 


-X 


+ 


•ifcp.J/; r h pn iht* irVibncAji in ci mhuv iwilh '■ ■• 


s’l^KinM I'U'. f 


R * ** + Nil' 


’Ll 4 - 


R —Nu 


? 

O - ■ S 


■ — CHj 


O 


r*Q ) 


* 


} 


% 

% 

1 



^ only one moUttiulv 1$ ur.di-n ji.unt] .i cfcwinsfo . 

u/’ijrrujlccular iui*:k< -pii;!i si, iM Mini ion urn lu n 


• <Vi ill" I 


‘ ■' " ■' ' 1 \y , ■' iiafida (jirirf AtmtrfJ 


5E 


EVIDENCES OFS v 1 MECHANISM: 


Cfilic-£r ( :' r? I ■ ■ . . '. V ;.. . 'I n 

n 

I. 


Jj) KfnetJc EcldenCe: 

p • _ j 

* The rate of ar. S K 1 reaction depends upon the conc entration oi.alku^cLL^^^ 

* The change 1 :f cdncenfrahon of attack in# < 0:1 rnc ra ^- - “ ys 

Rate =T[R-X] 

* li (5 because the'' nucleophile combines with : lie ^arbocflhojy^ Kencc, the rate of a ■ 

reaction does not depend on the nature or attacking nucleophile. 


xtm 


'ech 


(2) Stereochemical Lv idcncr: 

• Experiments have shown that S-,1 reaction occur ■■■urh pariai racem;, .don .. 

* The extent of p artial racemiza tion depends upon several factors indud instability of carbocation. 


R. 

r “i 



C— X 

' 

C 

| 

R, 

R, 


+ 


Ni 

tad*. 


Carbocation 



1 he carbon atom < ! cciTboca*,or. it n is ;r. v u I tames. one empty p orbital. 

The fmcleophile can attach stsell to the p-orbital either on the right or on the teft side of 
carbon w n h eq ual ease l' hus expec ted' p r<\i'. ict is a racem.c mixtu re 

c R. 


R, 


M 


\ K\V v Vv 

>va 

R. ® 



R : 


vid, 

n k 

4 


Racemic 

Mixture 


* However* Pnrttoil Racemtsotlon generally occur* during rfioettons. 

1 / Consider thecase of unstable caibocalion. the leaving group -j^ot feav ingl rn n edtaTe tj^ 

y Hencfi ' the side of carbon atom to which ihe leaving' grtma is attached is sorm-iv-' hafsE^TdeJ from the 

of nucleophile. 


e. 


y Thus, the attack oLnucieoahile is gteater from die .vdeF-^ j^ to that of ieauinT^^ ^ f ^ ri 

inversion of confuguraiisn ” " *! 


y H*»nc*fnne tinantinmof i f formed in iin.org amount there fere the product has some optical activity 

A '■ ^ W T- C v \ y-'/ -, 9 . y- c ^ p , \_ - C 

■\e^ y<\\^ 9 LG » + LG - 

hW-<" AvA- . 


xov ‘ 


v - b 

-X NjVm ( 


sb^? : 

< \ tiiArfc ^b iU c -_ 
. ~ fT \Z>t:xr^ < 


T-9d\ 'A ‘.—V — y C\ y_. <L .. \C y \ c " ■ ! — N \ "■ '■■ 


Ni 


Nu- 


\d \ai ■: \ i; v 


S;*' - * 

Sj& - .ud 


mi 
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Y 4 

[, CH * J'j -iriyi Htilfjjff rfiru 1 rmiw< 


2 MECHANISE 


J d + *■ , 


J( ts i-cjbji(j£[jNi)D nucfcojiMKc hlintifi»cutor fOclC ^ un, ?* rjrci/rs in out- *hp 
Example 


an S. 


No " 4, 

NuttvQptrif# 


r\ 

&+ ! a 

CK— X 


CH— Afu 


Mechanism; 

* Thcattack of nucleophile on carbon and the departur e of the - *-i. ■■ ■•••.-■ e ■■r.cou : . 

sing'e step. 




Wu — C ----- x 

\/ Vf 

rffl/isi4ic,n sura 


Nu \ H 
H 


+ X"* 

Ltrrfrtj pfQ&p 


p ■* The reaction occurs In one step, so it is the rale determining step. In this one step both bond break; r, 2 
q^-' ho^d making, processes occur simultaneously 

* S i nc ejwojnolecuj£5_are^md^ in the rate determining btep. therefore, it ■:: 

b4molecolar irucleophiiic substitution reaction. 


EVIDENCES FOR $<*2 MECHANIMS 

f!) Klneiic Evidence 

* In? rate of an S^2 reaction depends upon the concennaTi^r of r.-.;c •■ up /■.:..■■ >..=' as :t.e c 

of alky halide. 

L + ft- 

Hu + R— X — R No + X' 

Naeltophite -_^- x 

The i^tee^essior^'or the reaction can be u-.rtr: e n as 

Rate = (Nuj[K-X] where k = specific rate cor-Siar.: 


f 

e.g., NO + 

Nvelfoptitie 


n* 

6 + / 5" 

CH r Br 


CHj-OH 


Br' 


1 the a”* 


This means that the rate o : ream ion will be doubl e .: the co'.v:" r • , - 
the rate of following reaction increases if cone, of either HO" nr CH^-Br is increased 

5 paP’^- - 

■*> Stereo chemical Evidence 

* A"bfcloleeu!ar nudeoph i Li c subsli tu t-on a Iway s o ccurs w 1 1- ■ •- -v -:• :■: , . ■ ::p. ■. 

* The carbon atom in transition state is sp'-hybr-d^ed a;--', ts p.ar a: . he ana.cri • : vjc ■. : 
leaving groups are present in the transit ior ?!0je on opposite s:d as of decroph 

&*X\Q\ m 


Nu “ 7 c \ ' x 

H H 


Tr.Tns.-r.pn Srj'c 


i.c-rw 





nirt 


3ES 


CW/i'j'i' ( k&ififtri Federal BatHnf ■ 


COMPARISON OF S„1 AND S*2 Af£CHAN/5M 


U) 

o .s a ’vo step mechanism. 

(21 

F- si step -5 siovv one and second is fast. 

(3) 

3 uni nao lecu : ar. reaction . 

(4} 

(5} 

<6) 

it is favoured in polar solvents. 

i'.o*t!v ternary alky] halides ^jive this reaction. 

k 1 =u “ 1 1 ■ -B - i — : -v_ ' | 

^50 % is inversion and 50% retention of 


contigu ration takes place. 

1 0 

(7) 

Rate - k [R-X] 


1 1 h ■— mwpwiwiimm mi i. ■ 

{ 1 } It is a v- n g lest t?p n: <?c ha 1 1 1 sr. « 

{ 2 ) It has .only one ,step_ .anti th a r i s s k> w 

p — i 

(3J it is *1 bimolecular reaction 
W it is favoured :n qon-pofar solvent-, 

( 5 ) Most ly pri ma iy a Iky I ha I id es g j ve this rt- = ■ 

( 6 ) ] 0 0 ‘ V i n u <?rt ion of Cor : ! i gy m ; i r,.-: )*-, : : , . . 

(7} I Rare = k [R-X|[I\Y;] 


£«^Q3 IM Wkn ore fi.* l.MtmrttOT rea ct ion,? 'Explain , hem lMh 

TE**" 1 **" « n.»fac»f. to « 

roctfe.. " k '*° m * “ b «#«« /raS5faS^SZ«S5^ l.Z-elitnin : 


o 


faptinMrinp^ 

• l MM halides}* slightly acidic d ue to electron ui 

. S + 

A H H 

o v ^ «-U-r 


ich drawing effect of halogen 

H H 


H C 


H H 


+ 


H H 


* attacking ni icleonhilja- can either atiarl* „ ' 

elimination reaction, V. ^/° product or -^-hydrogsri 


L 6 + 


H Ha 

h k l\ 


Nu~ + H C C X 

H H 


H H 

\ / 

NuH + C = C + 

/ \ 

H H 


S f Cf. 


Since 

on tin. 


(Ef itYiinut! 


EVIU 
( D K 



* Ar 



www. topstudyworld. com 







... r : •■ 


ifcrC/ r 


K# f. 

* ■ 

■ .► ?, ur . a: • ■ 

MAJ&Llttte 



£ 


tkmi0m '/*. 





I . 


( 1 i 1 liaiitit-i and A mints 

CH, 


CHj-C CH— CH, 

i I 

CH 3 Br 


I ''nit*' n’t f hifan\!rt : f ■ d r;sf ■ 


Slow 


CH 


CH^"C CH-“CH 3 + Bf 


CH 



Re-arrange merit 


CH. 



CH. 


2 MECHANIC 


m 


B. 

ft bJniofeculor one step elimination reaction 
Example: 

Consider the reaction. 

K a 

K *l . ' . J . 


CH-C=C CH, + 

/>•< H 


CH: 


Mechanism: 


R CH— CH-X - BH + R CH— CH 2 + X - 

C r" £ ~' V^ L *} — — C 4 

* It is a one-step ^action. ■ 

* % rem , 0 ™ 5 a proton from ,he »•«*«. simultaneously with the formation of double be • 
between And and the loss of halide ions, 

5+ 

H H 

l-\ I 

£ I i 

6 ; + R— C — C — -H 


•r • 

L 


i , 






B: H H 

i 

i 

R — -C— C- — H 

J i 

- 1 


BH + R CH-C-. 

+ X’ 


ST ^^^becauseboofiWeak^ «dj^ mg* process are ^ place 51mdteu , 6 , . 
Slitcejwo molecules are und enting a change in transition state, it is a one-step binocular elimination met 


EVIDENCES FOR E2 MECHANIS M 
(1) Kinetic Evidence _ “ — - — — 

• The E2 b a one-step ^ ^ 


law of the E2-reachon is 

Rate — k {Substrate] [Base} 



HO H H 

i I 

H — . —■« ■■■■ p 

- — c— c 


■H 


H Br 


HOH + H 2 C=CHo + 


The rats? of reason follows ^n^orTea^etj^ i. e . Rate = k[CH,CH 2 Br]jHOM 

f j" 11 ■ ■"’ " ™ . - 



*? 
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It.), 


4- 5' 

y 


tjiVi Cw'isgt ChtWi". > F-irt.fi 

( f{ 1 1*1 Afkyi Hnlitli*''- iiml 1 ■ln r lrrie , i * p *“ ^ ^ ^ ^ 

. Th"wbs'“lJr" dic.-.r^r. **cion g.vis Oil*™, ptoducn. Howe.«. that =s »V*ay» » competitlor 

between them because of dose similarity in their mechanism 

. Energetically substation is more fa^ble; therefore, it is the tame ^r.tor. ,r. the wbrituho*- 

cbmpehtiQrv h id because more Sends are to be brokerun elimination reactions. 

" . . .. i ,_ t _ t n ,A Toav ,k 1 h -H i . However substitution reactions cto not 

* Elimination occjts only r.\ the presence of beta hydrogen i.y 

require (his condition 

Following factory help to compare these two path ways: 


if jj Structure of Substrate 


Crutt'dlUiHj t.-/rTTrJ fsjj tiort mer sufrititulfo-n- 

It is because "lie approach of the 'nucleop hile to apTbon -5 dithculj to: subdi: o 

However, the feli mlnatjo n is favorably because the removal of jj-H atom by base from tertiary p j..ar 
curbocation i easy 


CHj-CHj— S (CH 3 ) 2 ,f\ 


C^H^ONrt 


ch-ch-gc.h,. + h 3 c=ch 2 


C-H^OH 


SuC-st tJlion-63-.'..- 


t minaiion- 1 2 % 


one: 


=CH- 


roLisly 

ICtiOTl. 


?d rati 


CH S 

\ + ,. C„H,ONa 

CH-S(Ch>>. (h, : - 

CH, 


1 C 2 HjOH 


CH, 

V 

/ 

q |q . S ubs ! it Lti on= 39 ■ 


CH— OC 2 H 5 + CH— CH=CH 2 


E 1 1 mi rial ioi -St : o 


Remember: tffCftih gr»up a removed m shown Mew Is is nnt xfwwn rii, .-=• ■ v^rw.- •■ 

f) 

c^o CHj— CHf— S [CH,], — - CHj-CHj-OCjHs + S, H,} f 


fji) Nature of Base 


s 


• IVhen the electron parr donor rs (j^ tro ng be-se, e g. , i he {dom man. 1 recctfon is £2. The S^2 

reaction is q side reaction. 

. However, when the nucleophile is 6 weak base lik e X', KSV ere. T- e hot- «adion will he SJ TheE2_ 
will be a minor side reaction. 


6+ 



H 


H.O + 




H H 

\ / 

C-— C 

/ \ 

H H 


+ X' 


H— C H + CHCOO 


H 


H H 

! 1 

c — c 


H + X' 


H 




Weak base 


H OOCCH 














' ** z J ■ i.'f 


t ■ ■i/. (.'hvmiwy: f'-.-.yr. n B tr 


■ I 




( r iii 


* ! hfi foie ol : .!•. ing groups in Elimination reactions ip similar to that in substitution reactions. 


/■" :jnrmQ, r txi/ - reactions ffJ Jrirf S.^J h it does not n//fct_tht? mcchonrsm 


” ls because ieayirig gj^up isQef t in the first step ^^Vhife tne elimination and sub^titufjon produi 
decided in j ;* “irch-djVji with carbocation. 

* Horuei’er. in rhab/moi'f . :• raaotionsfe he n at ujg^n&j rodu ct $ readvdepends upon the nature i 
U P- c.g. ■ ■ ■ . the foil c . j . . ng b : m o' ecu la : r cacti o n , 


n ' c is H ~CH r CH r > + (CH ) COK 


(CHj)jCOH 


;j] — ■ ' n "^i£^3j CH— CH 2 + CHj-._,H 2 OCfCh 

X = Br 65% 15% 

X = QTs 1 ■' : 99% 

_Generoti^ o good Jeerin g gren- mjf$ sufcstifuiion reacts n t yrg than tdiminuffon reaction. 

ch 3 


C3> 


Rffnt'miicr; 


0 I s TosyUite y;f 

(Sw page >:%. 


CH, 


CM r C- OH or fCH.i.COH 
CH. 

fff.'.nutvl HCaf*& ' 


CH — C OK or(CH,| C: 


CH, 

Pol-:'i>E- uih 


fjuj Nature of Sahen 


N 

(4. 


1 . 1 r i i f ki fioiJjS 1 : i ,:J " : \\> ihort 


. Wuittwore ^unsirrijffon &y; decreasing the solvent polar ii*. 

iljs alcohols jK drec-j lamination while mowfpdar aqueous KQH is used for Substitution. 

hi is !''■ f u 1 hv pblu: Solve:) |.s_^kc I reaction. " * aaera 1 

* >, non : . .. ivoiiK the reaction will follow E2-methansim 


tjffect of Tempcrofur 


An inc reuse in : mpr-urt/re ei/I/uror 


, . . more than subsrrttiiiorr. 

IE is because solution reaction involve less reshuffling of bonds 


[5 


CH r CH-CH 3 + fi a 

Br 


H,0 


QUICK QUIZ (1) 


OH » CHj— CH=CH, + 

At 05=C 53% 

At WC e4% 


■■s cotY.’.inrcd. to eliminations, e.g., 

CHr-OH 


4 2 -i 

47% 

36% 


(C 



(ft *™0i “re manohdcplJcanef 

Monoha/oa/ttones me coiled n Jfc v ; halides These have 3 erw[ f orraiji , R v 
TTtese m* Rifled os pti™*. secondly or tertaty eft J hal'd™ 


c 


( 2 ) What (ire primary . s^conHcn, m , lerf f ary tfar ^ 0n s 
* A primary C-atorr f s ottached to oj 




CH^CI 



Methyl chic.nde 
A Secondary C-atam i 5 attached to tu>o C . 


irtcims 

one or to carbon sloe, is colled 0 primoru C-ctom 

CHj— C| 

Ethyi chio- r :de 


e.g. 


CH, 

\ 


i s , 5ecDf>t#aa . 


/ 


CH— Cl 


CH 3 2'Chloropfapsne 


CH r CH-CH r -CH, 

Cl 2-Chlorobutane 





{ n ( ?: MiffilJt? ^ a nd .-tfltiflfi 


Coitfgt Chcwiify F(d*/j) Bourd: Fi/ri-f! 


m 

. A tertiary Oatom is attached to three Catoms simultaneously is called a lertrary C-ato/n. 

CH3 

I 

e -9' CH; — C Cl 


qli a-Chloro-Z-meltiylpropane 

What is corbonium ion . c harae on carbon atom, tl can oe 

A c altercation is a reaction intermediate. It is tnvalent wilh a pe*-.< cn ^ 

produced aa follows 

H ' ' v,- U * ,- 



I 

Hu H H 

Ca relocation 

OTEi Carbonfum ion is on old term. I, is no longer in i,^cuirenU.nn f or such 

’ •-- *'** s “ n r40Ction **& unshored poir of 

.“^SominB nucleophile must he stronger than the leaving group 

* Good Leaving Groups are: CL , Br\ 1 l tSCU 

* Poor leaving groups are OH', OR and NH . 

* Iodide ion is^aoo d n^pMfe * ^ £2£ . — — — ’ ' 

■»' ^r P l^w" 0 ne , orbital end three p orbitals to - - «**** *' ^ * "* “ 

“Thefatf character in each V M* orbitals is U. Thus, each *> h V rbnd orb.ie' has ** 

S "cH, d hvbriduation^ 

W One "' 0m tte " *"** 

bond polarity - *" c HG a polar bond 

e , S , the bond between H and LI m r.w 

1?) Dejfn* bond energy h «»ifc one mole o/slmcter bond ^in a nrofecu|e is tn,/t,d bond energv 

e,g. H 2 -> Art ■* _ 


*) What l*rr nucleophile? alilsdJUiuC&se!* 

A Species in search o/ posifeie e Xnshored puli' <4 efeO 


rr.:.:r;.s;..ii -:ki!:Cc- for bonding 


Efcompfcg 


l HO' [ Hudroxtde io n 


NH S 

Ammonia 

HjO 

Wnier 
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frteihvl 


A 5 


REAC 




4 s 


Brief £ 


Egg V.*.'. ^ l m ■ \ ,.' , ,.vn fi , fj.7, i , v,j;,jyj, 


} 1 * h" f r . > r J I k 


' : ' : ■ " : “"’ J ' i'H <■" G«iJPJriJ ' riMCdil 


I f, Jj 

r r '.'(Vuri' 
* V . 


V 


' ’ J •'■ lV " ' -vi haltd# ot Sir.; hii&r 


V- 


l ■ 1. 


■ ■ ■ » ^ _l' ■:- f.fCTrv- rcjsu 

avCtt.i r^eL'e 


i.:v J u-ith condense 


■■■■’ - " stliv c\ivir 


\ 


\ 


\ 


V 

Lt 


^ ; '" ,L L< it^er 

R— X + Mg - 

V\\ i 


5 5 + 

R~Mg— X 



CH^Er + 


■et^r 


CH-Af^-Br 



fi ^ pr^-.ae 


*f ’ Alky bromi des ,iv q* . .c: w -i „ . 

* Wh « n mow tl ••• K: .U .vp , *. i., J ’ I* 9 *"® b «*»to‘ € intermediate nmkIy 

* ' - n '- S5 aiy! halides are used 


R 1 
X = 


r*+' 




ffl'i l*i fStliiJfi dHtf Ihhrraf* 


m 


;■: '' |'| •"■ .ft, ; Sfi r u ' ft 


• 0^t^meta3nf_rampo\jndrara nudeophiie^ ause a TT m v 

- ^ *\ • — — neg ative cham&nn thA-;whnn nf altml m 

R -u. ft- ‘ ** 


— #.+ 

x 


? V ffVl X 

* Carbon. atom tiffing more electronegative that metals such as Mq | , vlc i ■ ■ 

«Mnl nMmtiue r-ha™ Tk.iLr fi — -- ' 9 ' L1 * fEC - 1hc group as a whole bears 

p™ ne9 ^ e ChaTSG - T " us A OT^anonn eta.ll ic compounds act as_s^ee of nudeo^h,:, ^ 

A. c C ' * 


a h rC ... . - 

CH.-Me-fe, 

\ 

. The following TeactioipSupp cirtsThg mi cteophilfc character^ oganic metallic compound* - X 


® 6+ f 

CKj-CH; Mg Br + H-^-£W CHj — CH-, + My 

Ethyl magnesium bromide w Ethane OH 

Magnesiar- 
hydroxy bromide 

if— — 

Remember! Abbreviations for common AlkytfAryt groups. These ore so be used in rw,-yr ■ 

Metfiyi fMe.h Ertiy/ (Etj t n-Propyf (n-Pr), isopropy l (teo-Pr), Phenyl (Ph) etc. 


\ 

o' . - 4 

^ yY* 

Br £ 




L- 




ZiTACTfOMS OF GRfGNARD'S REAGENTS 


Brief Summary 


. r r - 
' 1 '■ ' 


R'CHjOH 


X = Cl, Br* I 


efi 


R'jCHOH — - 


R'-jCOH 



R'COR 


Typical work-up for these reactions: 
1- Dilute aqueous acid or 
2. Aqueous anmortlum chloride 



Ti-e I. liquid DEI WOlW Fiji EJmdetifc 


•' ' 

'*! A 


■ : ■ 2 r ' 



Cti t i ik ; Hai: itt j.e j I mi rrrj 


2 E 


f 1 1, Vi ■j.'r £ Ai'ftj/Urt'. fi \i.-r.tf ft i , r 


fl J tVifit AldeJiyd« and Kef 


This is done to produce primary, secondary and ten i ary alcoKols^^^. 

These reactions are carried in th£-, pr esence of ether^ ollo^ ,g d by^acidic hydio lysis ■' 

Classification of MortJiydrfe AfroAofs 

The dochob containing onfy one hydroxy] gr oup fQ H.J ore colled rrior.-ohyt.rn ou-ohofe. 

Monohydnc alcohols are classified into th>. rhrec .types-; 

(l) Primary alcoJio/s .UTl — — 

(It) Secondary alcohois 
(HI) Tertiary alto half 


( 

T 

s 


if 

C 1 


t.tj Reaction with. Methanol fAfd , pM'd , g) to frjrm prirr)»A‘ alcohol 

' -tt ■■ ' 

y H BS 

6 “ 5 + S* 5 ” 

CHz-MsrBr + * 0 — 0 CH ^ C — Q \ 


s 

p 


~r+ 


h f 


( Formaldehyde 


I 

H 



H 


+■ CH 3 - C — OH + 


m ?C 


(II) Reacting Ethanal (Aldehyde) to fornj secondary gfcoJioJ 


H 

Ehanol 

(a primary alcohol) 


--cm 3 

6 - 5 + 6 * 6 - 

CH 3 -Mg-Br + C = 0 _^v 

H 


5 

t] 


CH 


CWj-C— 

I ^ « + 

H 


fi + 


CH 


{ ’Ac elaTdehyde’V — 


I 


H 


CH.-C — OH + Af 




7^ 



fJNJ firaetian udfh Prop anone (Ketone to form tertian atcohnl 


H 

2 ' Propanol 
(a secondary alcohol) 


9 h j 


S+ 6 - 

CH } -Mg-Br + C-^O j!th^ CHj“C — 0 | 


~r+ 


"s'"! a + 


J^i 

'l Acetone . 


I 


CH, 


HQr-H 1 
i "-* - ^ CH 

H + 



OH + » 




2 ’M elh yi' 2 ^FCpanol 
(a tertiary alcohol) 


i 


* Carboxylic esters, R,COOR 2l react with 2 7 ^i^ZZZ ~ ~~ — — — 

alcohols, qU1Vder,$ °* or Sariolith]Lim or Grignard r ■ 

• The tertiary alcohol contains 2 identical alkyl 


Qioups which comes from two unite n ( r ■ 

mediate r, W0 units of Grl snard reagent. 


* The reaction proceeds via a ket ~ — '■ 

otganornetamc reagent to give tertia?alcoh™ ed,a,e - “ reattS with «* »cend equivalent * 

• Since the ketone is mnte , , 

reaCfcn *"« b ° — hi » ZSST ~ ^ S ‘° PPed « *• ^tone stage. Il| 




TOP 


Study 


— i 

Ci 


I}:*? LMilii idiH Vv'vikl -‘o Sunk hits 



of* 1A fi 

TV fl^O" ‘VP* -W'W^rflr ,U-ji ^b jnj| ... . 

“■'■' a ' V-TCh. ; i 

Step * 


I r T a 


♦*. jt[gj li 

£cn^ x ^ 


! . ‘ x‘ I l LI 


■;•*■ X: 


Step 2 

the Wrahtd ral ;r:>. m 
prod yea s xe'Or.e «is a:. 


CH 


/} 

*QH r Mg~Br + C — O 

i / '-- rf 

OEt 

Eihy ace’atr? 


7 

elhor 


CH 

CH~ C -* 0 A%flr 
x OEt 




S f h"P J ; 

The nucleophilic C m *c organomet.illic M , t: . ■-, ^ ,, ... 

the know F.let Irons Iron- :hc C-0 mow- io elccnoncan-;.! r 

com pie 

5i*p j. 

J Thls 15 It is a pimple acid -base react icfb' proton 

a kohnl prtgjurr from the in^nr^Hi^T^ n L,7 T “ 

Step-3 


CH 



Step-i 


k f 


6 • -• 

HO-H 

, ^ — ► 

H 


CH , 


Br 


CH C O + 

OEt 

'■' ■ : ■"" cl • ■ , b'om de 

1 ' ' ■ " - ! ■ 1 1 . : ! f';| l T,:n . ■■ 

- v _V v "| ■ 

■ ' ■"■ =■ ■ % it; eta I alkoxkU* 


\Vi\cn t rentes "iir 


CHj 


CH. 

! 

Br 

/ 

C — OH + 

Ma 

CH - 

\ 

■procanol 



QL^^ -2 f fog? does rggefa with CO 


[3 tertiary sjcoholj 



Step f 


The nucleophilic C in the Grignard reagent adds to the electrophil c t, ■•. ■ : •., 
ri^ Su ^ mave to the electronegative 0 creating an intermediate ra^, .h , .. 




I ^ the work-up step, It is a simple acid base reaction. Proionahor. or me cl . 
acid produc t from the intermediate complex. 

Step-2 


vonyi group, electrons 
y-c'te complex 

■.!;.'■• jxygen creaies the? 



6 1 ¥ 


7 

Carbon dioxide 


O 

H&rH ^ ! l / 

CH C OH + Ma 


Br 


H 


+ 


Acetic ap,d 


OH 
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* 


< *f* / ■: Wyl Hnltjfti and I*,.- 


flc-.', 


[IE 


l -LI- f Ml .-,- , *i ' . f i if, r ,<! !h \r,i y 


S 


[qU/CK QUIZ-2 



( 1 ) What are Organ am eroJJlc Compounds? 

The compounds con raining, he least one bond bcr.Li.'Cf 

ji carhop ? i o/.drgyinic cvjupouvkil uud ci m* 

?faf m { . 

are colled organometallic compounds 
Examples: Giignatd's reagent, eg. H a C - Nig - Cl 

Alkyl Lithium compound?, eg. ITjC''— Li 



/ (2) Define prolonaticri 


The addition of a proton (H*) to an atom, molecule, dr an ion, /orrm'ntj its conjugate add is coded protonm 

Example; f + 

CH r CH r o' CHr-CH z - 0 -H 


H 


f 

H 


(^(3f/What fo formula of Organ olithium? 

The general formula of organoiiihium compounds is R-Li. where R is an alkyl group or Ar-Li. where A\ is ■ 


aromatic group. 

Examples: Methyl lithium t H a C- Li: Phenyl Jitfiium, Ph - Li 


(4f Mow doe-9 R-Mg-X reacts with C0 2 

Soloed on Page 232 above 


f 5 ) Write the formula of Gri^TKjfd'j 


The general formula o/Grigrard's reagent is R- Mg -X where. R is an alkyl group and X is a halogen olo- 
“ ,fk: Mslh V ! magnesium chloride. H,C - Mg - Cl: Ethyl magnesium bromide. H.C -C H. -Mo - R, 



AMINES 



The organic compounds containing functional 


groups ure cuffed amines* 


i. Con rmna Swi-em of Namlntj 
Aliphatic Amines 






tA 


C_y 


w 


( V 


-’vjr^oy ■ 


C>u. 




The _ ^ « wntt en by adding lhi sutae to the name of ^ ^ 


CH— CHj-NHj 

Elhyf amine 


CH^fCHJ— CH— NH 


sec-Hexyl amine 


2/3 nh 2 




CH, 

\ 


h j c CH— {CH 2 ) 3 — 

CH^j Isohexyl amine 






v -4 

\ 

<- — [A 


/ 


NH 


\ 


C 


rV C , H 3 


CH, 


Dimethyl amine 
(a secondary amine) 


r* 

1 

\ 

C .Vet 




\ 


N — CH 3 

/ 

CHj Trimethyi amine 
' a tertiary amine) 


. I 

1 I 





»V rf ** 


XlilSL* t 




1 1 

A 




i 






TH Ui.ui '"u F.'gJiifil’s 




> • -J _ T- ► • 

i 


^ an*f IfL'V) 

C'n 1 1 

K ******* 



Ar.iiine. C*H»Nh, containing methyl group or* the nng is called Tolurfmo h there i> some nlk 


xyi S™ U P 


j , ****** ! n f'i f reprinted by ur^ng N y. ,, , :id|Cflltrs thal a | k; ,; group is locked on 

|M-aK*n aftd ** on rre nn 9 h are tuo substituent on N n .t ;i ., v ,. 




-j 


N 


Pynd ne 



CH, 


hooted r... w 
/ 


CH : 


/ \ / 


H 


\ 


¥ 

i 


\ 


o 


t 


/V flWirotflwIjrutira 


CHj 


V 

i 


-S 



NH. 



CH, * ... 


k r 


} 

\\H 1 




j JltpAC Suslcm oj Wumintj /Wn-ln j-i 
Pn'man, crirtJries 

« Select the longest continue,.. • carbon rk : n i ■ vs hie h an • v ..-,? L s .m 4 ich«J 

* 1 l’- e arnino group is indicated by a preh^-amino foil ou, ad h . wne of hyd: ocarbons 

* Number the carbon atoms in. such .s way ■ thas substituent qols h:i. *.>■•[ possible number 

* The posrlion of amino group is indicated by <i humbe: ; mamc \ V . numbering the chain of hydrocarbon. 


I 


e" ’ 


* If more than one ammo groups are present they, itnrir numnaf • :. .-n o -. ■.. :\w profiles, di. in. en: 

£^\\W < s tv? ^ -3 2 2 

CH r NH, CH r CH r CH-CH 3 ^ .y.-;,-A fj 

, I &- t- -■ .■ / X I \ 

1 k l . _ Aminomelftane . ' ^ ‘ l V 




V. > L r 


5«NmJar}i and Tertiary aminea ^ ^ y- 

*■ Secondary and tertiary am tries are named by using a compound pm::?, that includes the names of all 


.stlil il rtrrtl irs rhe iru'riijt? -alLn ■! rirns in i> n Himprturlarr rn mi’lh: It-s-rV'. n irs Pfr 0 -j. - t\l -- - ' .. * 


' n * CHj - - 

4 3 2 1 / , 

CK^-CHj-CH?“CHt-N -a M - .,t vr • • . i ! - 

' * I “ \ v 

i — fc:. O i. mOfTnO' _ \ ( ’ X ■ ■ ■ " . - . . • 
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( ** * ‘ Ml ■ >Vj. r. i ; j .! r - , , 


CM 


4 5 

CH -C CH-CH- CH 


CH. 


NH NH 


CH, 

I 

1 : * * 

CM: --CH-CH— CH---CH 


NH 

; , LVTM'ie 


Secretory and Tertiary aminos 


i : 

CH r CH-CH r H 


CH, 


\ 


CH r CH. 

K*r’ r „ *■’- , ■ _ . i 


CH. 


* : i 

CH Ch CH-N 

j ■ i. 


\ 


H 


Ch 

1 ? 3 . / 

CHr CH-CH— N 

‘ ‘ \ 

1 D rv e : r > ’• i m -i opr np,i "ie C 


CH-CH, 


i i i 

CHrCHr-CH r N 

\ 


CH^CH, 


'-D p!Hj la,-!’ "fOfj — .i”? 


CH, 

I 

1 ? 3 4 , 

CHj-CH— CH-CH r-CH— CHr CH 4 

N 

/ \ 

CH, CH, 

3-2 arvij-j -Tielhy I heptane 


HVSICAI PROPERTIES 


• The polar r.anire of fhe N-H bond Idue to the dectronegotMly difference of therTaioms) results n 

of hydrogen bonds vtrlh ofher amine molecules 

* - hus amines have 


high meltin 9 an ^ t»tL.ng po:n;s compared to analogous a! 
solubility in aqueous niedia 


sorotner H bonding systems eg. water 
kanes 


fi + s + 

H V ^H 

N 



5 + 



IniermolecuJar hydrogen bonding m amines 
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li t Ullfyndi^ W i|iij t* SU klenis 


ifat ffafiJemnd I Tunn 


-H, 


iCh 





( i f '-. e.-h i.',', ■ ! ■■ ,.'■ rat H ’.i.’d: Part-O 


I" ni,ro3m *“ '»V-hybndli«l and has nuHy tetrahadnsl structure. 

* *' i " 11, !, ^ JTia ' ' 1 ' '' i- Ls three sp s - hybrid orbi t a ls, whl tglhe fourth non-bonding sp J -hybrid 

carries a pair electron 


9 


R 


N. 

v >| 

I 

H 


R, 


S R 


Fl- 


optical ly adive 


* T J1C non -bunding electron pair is p^fremely importons in expiating the chemical behavior of amines. St is 
because it is responsible for the basic and nudeopnllic properties of these compounds, 
f An amine with three different groups is optically active. 



Amines- may .act .as basaa- toi^acds acids .and_as Nucleophiles towards electrophile. 

jjji cy are mo re basjethan_alc.ohals af^TEThgrsjn^h i rlnnphtLir 

e.g r , ether does noi react whereas at ihe same temperature amines gives addition product with CHj-l 


«< &+ &' 
1 


No Reed i on 


C,H S 


/ 


CjH, 


C^j-n:- + 


\ 


8 + 8 - 

CH ~) 


c,h 5 


C ? H 


! 1 1 s 


CjH— N 


CH- 


C 2 H. 


PREPARATION OF AMINES 


ill ALKYLATION OF AMMONIA BV ALKYL HALIDE 


£ 


* The general reaction is 

R- — X + 2NH 3 







v 


s ■ 


m. 



t 


4 


■ -a 6 - 



c 


Vq.;v 


r+" :: ’ 


N 


-i- — 


NH,:+[ nh 4 x\ _rr\< c f^\ 


■ SJ 






• 


When a malcoholic or af| ii«ius solution^ ammonia is heated with anjylkyl halide, a mixture of prim -, 
ssc- f ter- amines and ^quaternary ammon ium_salt i ^oFtaiiie d. 

The reaction occurs with nucleophilic dlsplacemen^o!! halide by yrmnioma oi an lines, 

C 


l_ P> 



*C 


R- 


■WHj] X 


NH, + HX 





i mri w 


i. if i i Ii.tvj irm/ .imittfh 

• This reaction is further alkylation, e g., accompanies bv :h >' ,ljl1 J ' " * K 


, ^ >\ 

CiH^I +[ NH, 


i-_A 




C 2 H t-NH 2 + HI 
Ethyl amine 
(a primary amine) 


! 2 *jf + (c^riNH 2 \ C ; ,H— WH— C 2 H ; + HI 

^ >c . v - 



r 2 n 5 

Diethyl amine 
(a second a iy amine) 



r ^ 

C,H— I + Cjh— N — C 3 H S 


- C 2 Hj-W — C 2 H s + HI 

C 2 H 5 

Triethyl amine 
(3 lertary amine) 


G,H, 


'o-1 


i 


C 2 H s 


^4 


'2' '5 

c 2 h— n — c 3 h 5 


c 2 h 5 

Quaternary' ethyl ammonium iodide 
(a salt) 


At the end of the reaction, addition ofistrong alkali such as KOH liberates free amines from heir sal's 
the quate rnary salt is una ffected. “ — “ — - — — - ... ■ 

Thejhree amiqe^ are separated by fractional distillation, 

■ Over alkylation can be avoided by using excess of ammonia but the yield is low 


f 2 ) nEDUC 'HONS OF NITROGEN CONTAINING FOJVCT/OJVAL GflOr/PS 
CO REDUCTION OF NSTfflLEi 


* ( or aryl nitrile/ givesjnmaiy amines. ' . J 

* The reduction may be brought aboufhf UAH,. orlriilim 'to ethlroTZ " 1 
. Catalytic hydrogenation »th Rh-Al 2 0 3 . PFor Rane/„ickel^ also be employed 

H H 


to get primary ar- 


R C=f4 + 2 Hi 


Mi 


heat 



R O — N 

l I 

H H 


H — C%-N«j 


,. L, Rh, ALO 

CH r CN^ + 2jHj\ — ‘ ^H r C/^ NW > 


ff \ 



\ 


?<|W V 


lH. 


Ni 


CHj — CN + 2 [ 

-> ]( r fef\300X 



CH r C« r N«, 
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Ti-if |:(.l [ii V-.'srW "i* h-j 




'*■ -r-” : C-i ■ 
'>* ■-* 



■ !?' A(t\i i faiiJe\ >r>rJ .-I r/i. 



SI 


£ '.'.‘..■.■( tiTniiL, f iitt-m! in'ir.i: U 


• The general reaction is 


Ar — Np^ J R 1 


" Ar— N Hi 


- N,troarete Primary aryTimine 

. (N^»> be reduced to a min45 

Typical ’reducingagen cl Lndud e Fe K 7 c . 

M . j ■ *" ■ — L- ■ ■'•■ M t>r calaly [x JKdroqer..-5i Lon eo H PH'i 

Htro compounds on catalytic nr , 4 , rn ,T“ “ — - - - . \ — — ■ - _ 1 ^ > r 1 

^Bcort hOTjgl wducaonipw ^ifea n: amines' 

r C.V i j 


-> 

* 


c 


■-6 H y rv v 







► 

* 

H 

N 



Fe+H^O, 

N 0 2 — ' H 2 N 

W 



Y Y\wi. 


4-Nitroaniline 


,-rifJ REDUrTfOlV OF AJVffpf 


ie amities can be reuduce to amines by reducing agents 




' vfy u. vv v\ H H 
1 — J \ / 

C 


+ LrAI H 4 


R 


/ \ 


'"'X\ 

“VVVt 


"nh. 


* 


— sc" ^ ^ Y 1 -, 

lide on treatment with Bromine i n lire present e of KO H yield ( pT ini ary amine s. > ^ 

Hie reaction occurs through re arrangem ent. ' ' \\ J ^W.. t 

R. ^ V 
X 



■ \ 
HWu ^ 

CH— NH 2 + C0 2 

— — ■ C _\ x -\-\V Y: 


CH— NH- + CO- 


v\ l « 


-nzfT amine "\ 


* t 


■A 



*■>'**■ * - 


TOP 



D 

— i 

Cl 


Tile Uhliridte 'A'.jiSJ r ij' 5;udetib 



*i.’l 
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Exercise Q .? ox, H/ssii are xfte mein /eaxures ufiicf? jr:cre.iHs ihe basiciti' of 


:. . . ,c i. f‘ 


■•■ fi. 


i* 


EACTmTYiBASICm 


* Arr .r.s? a/,d r&deoph .e-z pecivw c: non -bonding pair of electrons on :-.:rogci; 


* . r.ft bas; ic i *7 rtftpftr d y u - 


ffj - p ft.rV sc avaLab: of ft ft Oe:: 


flfl the relative stability o: corrs 1 * : pending a^mcn:-:^ ion 


Consider the fdlovjjnc rear. nor . 5 


NH 3 + H' 


NH, 


CH— NH, + H 


CH^NH- 


-y . 


1 be strength of a base is expressed in term? of pK+.. he. 

pK* = -!ogK* 


L 5 


For ammonia and methyl armfift, ihe pK* values are 


-/ 


">b 


4 l\ 5 1 

_a 3 


EH 


:>V“ 


V “ 'V. .N ■' 1 

.J 


P k NIIj = 4 -™ ; P^ClhNIt,-® 3.38 


-\ , 


C“- 




Since pKj_ , < pK, M methyl amine is a stronger base than ammonia 
It is due to two factors 

r ■ •• r 

fl) In ammonia, the'lonc pair <A electron is attracted by V orbitals of hydrogen atoms. The CH 3 [alkyl; gre 
has electron donating ability. Hence, in CH a NM*. sp 5 orbitals of carbon pushes electrons tow<v, 
nitrogen Fherefore, the pair of electron on nitrogen is. relatively 1 more available in methyl amine than 
ammonia 

(if) The methyl ammonium ion- ( MjNHj 4 is stabilised due to electron donating inductive effect of ' ■ 
melhyl group. Un the other band. Nil,* ion is not stabilised by hydrogen atoms, since lone par 
nitrogen has been used up 

Mi these factors favor rn ethyl am ine (o afstrqnger base jhan ammonia. 

* Higher members show deviation from this behaviour. 

ii is because the stabilisation of a positive it ^depends jp&fh salvalion L hydrogen bonding and resent 
(rt) 'Stabilization. Large sine alkyl am minium idqs are less sol valed.y Also, large large size alkyl groups * 
• Jiighly non-pblar, ^ the solvation decreases m waler. — ■ — — "* (~% 


* M<jrCc:sy ^ th,K ,,f non-bonding pair of electrons is also affected by steric factor in additio: ■ 

these aspects, 


c 


REACTIONS OF AMINES 



I ho impodant organic ™iioiu of anws (nucleophiles} are with the common electrophiles; 
* \ h'dicli.--. vi , y nucleophilic substitution 


i , 1 ■ K. 

* ^Aldehydes 01 ketones'M^ nndeophilic addition ) 


. j c^^^^^^ ia ^. chkirtdw or " a , h;tm „ lon 


'■*. 6 + r* k 

R— NH, + R p- X fl 


T 


R— NH + HX 







- <H.,' Jfa^uV] J-li (TUrfVs 


3 ] 


i . ..• i fcrnrifr, H. ■■■-■• /'«:■// 



OH 


/ 


R 


^ /?■ — C N 

\ 

H // 



o>y 


R— N * 2 + 


R. — C— N 


/ 


R 


\ 


Ct 


H 


ffl ALKYjL^TIQJV QF AMf IYE BV /jLKVl HAt in 


3 ? 


Tfttf orttytatfiMi o/amfrrcs Is culled atkylailort. 

It produces sec- oi tertiary amines 


J* Otfi- 

R NH 2 + R: — X 


ifiifcirophilr, I 


tl 1+CtrQphttr} 


H 

cl + 

- R N “H 

i 


+ x 


RjNH } + loses a pro Lon with a base to give a free amine. 


Further Reaction 


R 


/ 


R — C N + H a 


\ 


H 


-V j^ji' AVul iu*rt in .vj pttg*.' 


N- 

l 

R, 


■H + HX 


V 

X 

M 


-S i 


fltj KEACTJQIVS OF PRIMARY AMINES WITH ALDEHYDES ANDREW 


Aldehyd es and ketone s react with primary amines form Sc h iff s base. 





< 3 i-“ -C 

\ 

CH ; 

Acetaldehyde 


preparation of amide 


CH r CH r N= 


an :.rr.me 
a Sc niff baset 


/ 

\ 


CK 


c\ 


3 tV , 

7 v C V^VC\sr 




R- — 


1 C ■ / \ 

WCM >■ , " " f ' 

V 

li ^i*A 


C — -y 


OH 


K<, 
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o^iines react with nitrous ac:ri. diazonium, compounds are formed . 

R— NH Z + H.NOj ^ r N=N + HO" + H : 0 


t>j — Mt- *\ 


O dzon um Ion 


The diazortium group, group is rather unstable in the case of the ethy.diazonim ton. it decomposer at . ■ 


f\. 


CHr-CHs — N=N 


N, + 


CH 2 - 


CH- 


H i° r CH r CH r OH + H+ 


CH— CHj 


When ihe group is attached to a benzene ring, through, the ion is stabilized to some extent by the deloca . 
electron of (he ring The benzenecl iazohiuni ton, s therefore much more stable than its aliphatic counts:;- 
MewTttrctess: if decomposes readily above IO C. A ,- ^ \ ^ v- 


QUICK QUIZ-3 


(I) Define hydration 

The addition of water to a substance is called hydration. 
Example j The addition of water to alike nes gives alcohols 


( 2 } WJfioi fs llic dJ/fefUncc beirueen aJic^eUc nnd {rrcFiiallc cc/npauridj 

Non-bemcmid cyclic hydrocarbons dm a/rcyc/ic hydrocarbons 

A1 icy die hydrocarbons possess two hydrogen atoms less than their corresponding open chain 
hydrocarbons. 


e,5- 


A 

Cyclopropane 


Eenzerjord cyclic hydrocarbons are known as aromatic hydrocarbons. 


e-3- 



Benzene 


( 3 ) Define IUPAC 



1UPAC stands for International Union of Pure and Applied Chemistry. The IUPAC is the accepted 
for chemical standards of nomenclature, measurements, and atomic mass values. 


Writ* the equation for the preparation of mustard gas 


k " 


Mustard gas is actually a b iflh and has musta* tike odour ] t was used in World War ! - 

tt 3S a ppwerfyl vg^ant- »■£■ causes blisters . It can be prepared as follows 

W £ -f 


a-'-'V + S » C 'i 

^ ,x 41 J 

*. ( - ‘ • £,^ f H,C=.CH Z 


S + S 


/ 

\ 


CHjCHfCi 


CH 2 ch 2 ci 


Mustard gas 

(P.b -Dichtorcdhyl sulphide) 


w 

■ - 





IJIJH.J jiiijyjA's 4".i,’Vvi- t .vr-ryiiMx . Ffdfrui fttnrrii P^ri- li 

Define polymer* 

pufvmffrr^ation in o process in uilijch a sma. 1 , 1 organic rno/ecu/es ! which are called raonamert combine together 
t0 form 1'arger molecules The substances .so produced are taJ.'t-'d .roomers 
e.g. Polythene. Po/yuinyi chloride Jh^C 


it) 


H'llftfl Js po^merizatlon 


polymerization is « process in which c smci'J orgcnic riimVaari'es .1 .'i ic.'i are re 
rtj forri? larger molecules. The substances so produced are called palmers 

1HatmM00«C 

— 

V 


"cd monomers combine together 


rt 


Ethylene 


traces of 0. id rvi| 


-^CH r CH— 


Polyelheylene 


!. W/iPt is Markownikoti's ride? 


It slates 


ates . ... 

jfn the addition of cm u asymmetrical reagent to en unsyrnmelneoi a/feene. rhe negative part oj t.;e (lining 

.> ■ i_ _ j _ !._ ip _ 1 j -•> r -,f tin . r-l nJrtrTIC 


reagent goes So 

Example; 


on oj an unsyrnmeincai range n: to on unsymmeintyi nl^.liv« k 1 "- ^ 

that -carbon, consisting die double bond, which has ieos. number of hydrogen atoms. 


hsC— CH-CH 2 + H—Br 


HjC CH 2 -CH ? 


1 -Brornopropane 
{ not formed ) Br 


HiC CH-CH , 


2-Bromopropane 
actual product ) 


mUi 


^ \i v, cn y\ ci 'i 

hat ere em-fnes 

The organic compounds containing NH, functional groups are called amines. 

Examples: / —^ ' \ ^ 


CH r CH r NH 2 

Ethyl amine 

* 


C_ \A =- ,: - 1 


Aniline 




'J Why halogen of vinyl chloride Is i qg rt? 

Halogen atom has nairrrf .^ctrom W i com e in resonant^ u .-iih the double bo nd oivinyl group. 


H 2 C^CH- l C 1: 

Vinyl Chloride 


H,C- — CH=CI 


Thus theC lo n bond Anions .come double bond character in il. Therefore, is becomes very much difficult 
io displace thi^^a^fe^Hence, the halogen atom chloride is inert in a^htuBon 

FSfSnLtLons. J — — — — 


Do Vow Know? 

(I) CD's are made from u-fnyJ cbiorrde 
fllj Ethyl chloride is used os 0 typical anesthetic 
fllflErupfing uofcartoes emit large quantifies of hafogens and hoife 
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T-ir U hin idle Waild = a Eii.i-Jerii'i 



lt * 1 " >1,1 th'liJr i .rir.f Itwnri 

E2Z 


■ ■ "A 
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C(i)tfg< i hfmiit* i trfSm} Bi^rj t.;r 


MfijpTi 

™ tf rlvf frrottj Jtf y j 0 grantor, ir- xt < hi 


ONS 


CH, CH 1 Or + Mtj * lhi,r 

^6- lA 


CO , CHyMp- Br 


O 

Jl;+ 


o 

II 


& \ 5‘ 


Carbonchoxide 


y 


C-CK, ir^- ^ CHi . CHr l!_ w+M? 


tr 




+ Propanoic aaci 


Oil bromf^f ip 

C«, CH, B, + m 9 «5L* CWj-CHrMy-e, 


3/ 


o S+ ^ o+- 5^ f / 

Ctoj-CHrMtf Hr + - cw— CH^ CH, + 

PfOpane Br 


l Ui L lit A Vi kramtdr 1 1 f fy h |.J ciwld*> 


CH)-CH 2 - Br + /<CW 


cwj-c^-cAf + /car 


Ilt^J Mctfiyf bromide j f j Methyl trlcaJiaJ 




CWj-Af^ Br 


H 


;s + 5 t .. 

CHj'JWsr-a + c D - cth[? l 

i*" • JlJ 


cri^gBr 

r 

r i s 4 i 

Od-W 

__Z7 COj— C 

/ Vy' _ - 


' 


j 



m+ 

ethanol 


H 


^Slmj^^cpnd ar^ndjert^ry tfcohoh cart be prepared 
W W CH i CH , CD to CH ; -Qp = gk 


CWj ".^:r + ™ 5 -c^cw ? + #r a + w j0 

\H c ij 1 -Propane 


ivi? CH,-CH--Br to (C^-CH^N ^ 


*«j + CH^^Jr 


Ethyl amine 


HBr 


HjC—m-m, + ch^ch,-L 


(CH$ Ofjlj jVO 
Diethyl amine 


HBr 


^ K4 1 e 

fCW 3 NH + CW 3 -CW 2 -Br 


— fCNaCH^fl 

Trjethyl arrange 


war 


fCWj CM y 3 N 


„6 + 5- 

+ CHi-CHj-Br 

\J 


(CHs CH z ) a N + 8r~ 

Quaternary ethyl ammonium bromide 


Oh 


QH+M 


/ 


Br 


OH 
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SOCIETY, TECHNOLOGY AND SCIENCE 


■ , || I !i :.A ■■ ■ '■■ 


A 


• tTI ill! 


On 


i.\n h roMroimps in mj ijmjns s 

^ |['J>|)/hi/J |1 '■ I ! UM^ 1. 1 1 • | >1 . i'/ . <niti i !■; it 

„ ,,\jVil'- imiii ■ V H “-PI* -nJid-Ji v/ r nrnjjJr V i 

; ll (3n)plia | l TL ’l^' ■- ■ 1 1 ■ 

f iH,<rrMr™ahrf»»u- i'Marhfr.mirfn.l j if.- ■ -■ 

t M(Tih<^ ofp fThfoiiHifiifljf has applications as an afHifungciL and antiseptic agent. This compound is also u$fid 
n uaedne preservative . in immunoglobulin preparaiiora and nasal products. 

* Miftrsmi fflr.^hifi«»mlric In fiw 5ltifctj ■: ■ 

m THfliwci'Di' iHr/iJorWr, CpzTlCl, ha ■■ . 

* Taatoxtfim is an anticancer com pi un 

• FiTroc^uyf derivative cKloroi^iiirw is a:i anliciiilanal < ■ ■ . 

« flMTKJar m 1 d i rhlttriiU- . {Ci}'!;V(Ni'Sr: . and Ca; 

• F<nvi|vlnv, a combination of ferrocene and ci-.lt.u-; quii me. :■■ jk :i :.-.i drug 

• j/amdocnw ac-ctytacctanatc ! 'as pole mial in [Uin-ei .a:-g 1JJV - . 

* flu CLf PW^O) has been shown to inhibit n..: • :i an : ugo! .n ciu m other 


COMPARISON BETWEEN HEMOGLOBIN AND CHLOROPHYLL 


Hemoglobin and chlorophyll both are natural organc metallic comnoun : • Both cons.st ot a substituted 

poiphiyTin ring coordinated with a metal i on. — ■ — — 

/I^Hemonla bin isa ponohurin rin.gV tit h trorf while Chlorop hyll is a p orp hyrin ring wish magpe ■■■■"• ’ 
^TfemogTob m'islhe red pigment in the blcxid^ ili chloro phyll is ihe green pigments in g reen pla r.tsTjailgae . 
and certain organ ism j 


Hemoglobin is- involved in oxy gen tran spoi fi\cihile(chloTophyll [un ctions as a re ceptor light energy duTii .g ., 
^■^pRoib&ynihesis "" t 



CH=CH. 


CH 


CH 


CH 


CH. 


CH 2 
Jl ^ 


CH, 

II 

CH, 


CH 

i 2 


1 2 

C = o 

■ 

■ 

C - o 

1 

1 

o 


1 

O 



Structure of Heme 


Structure of Chlorophyll 


v 




J Jte W <» f T_ 

.•-i ■■»*> •<f r f * 




. « ll. b 

1* ■> flL « jftJh* r f Yt'm 

.4 i k “ u *™* ' 


►f# •'* (Pf *■! 


j.. *■ • •■* ► , * - ■ *K3 -*.>#■ a * 

m -»T- fr* - # j | ,.i 1 

a-hi* -•*«> r f fjXtj +mn* 


• 4§ - r * i - . *“ 

UfAMra# * „* ' 


>• ~rz * ’ r” i_jr * » 

■ j . ■ 


J *%m- 


."fc.- ■*-* - ■*■ 
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ip 


-,ir-jr LAnt. r 


ttet . ■ 


,-J- t- , 


c* esj e; it loaoo-n re,*;:. 

disiirwr* a*. ? E2 Arid D’ 


T "--r ^ iTom adjacent carbon atom - in t ■ , scr.ce- of a nudeophile or a ba-i 

Ltke nucleophile substitution, &-«ikmnation reactions aiso take place in iwo 


. ^ r “ ir r — — — - — ■ • 

bv i’-:_.r,g & *yl “.eircc ::' a si.rrc.: suspension of magnesium me’ai i" 


A nuc : er,pf a an : < e.ectron rich species that u.-dJ3 react with an e.ecsron poor spec.es 
A sobswuscn Pa: ore ^roop replaces another 

Gngnard reagen 
d*thy etr.er 

--d«®?h! c carbo-. atom wt*:- cart naclVMh electrophilic centered to : - 
r ; fecor^ry ar.d icr'.a" d cohcls can be best prepared by reacting 

* r “ “ r formaUeh^e a::; other *d*hyd* and ketones, respectively 

zz r«r cip pipsr - - — — ■« - 

ss^srsr-' ‘“ ,w " * » - 


Prinwrv alkyl or ary l aminos v;ek j dli20n ium alts. 


fljli 4-i H 




i ff UIIUj iff- 'AVuliJ Ebudenii 



■V|, 


I 


fa = r W 1 f umi ■' l 


ss 


EXERCISE 


iothsec C iV i'tji ti/j. ' / fdrml HrjKifdl: 



fj) Irr primary «i'i^ V* holldes, the hfrlcgen trtom 1$ attached to a carbon uhrch Is further attached to how many 
sarbon ipfo/nsp 

(a) Two... — . . (b) Three ' J 

^ Sm 2 reflCtJ on_S/Cfln be best carried mj( iul(h; •-._ 

(a) Primary alkyl halides " ? (bj Secondary Alky] halides 




'iorc r ■ p 


^2 

fWh 




3aSC;; 


(c) One (d) Four 

ic) Tcniary alkyl halides (d) Alt ;he three 
(c) E- and SbE \|d: E, and SN. 


!b) (he concentration of nucleophile, 
[c; None of the above. 


3 giw 


[iiJJ For wfilch mechanisms, ite^rst AitifMnrcntt-cd Is the stune; 

(a) £■ and E-2 [b:-E 3 and $N Z 

I'itiji Tli-e role of Ei re act ton depend* upon; 

(a) the concentration of subsrraie 
' IcTihe concentration of substrate as well as nucleophile 

fuj Alfejd halides ore considered to be very reactive compound* towards nucleophiles. because 
(a) they have an electrophilic carbon 

jbj they have an electrophilic carbon and a good leaving group 

(c) they have an electrophilic carbon and a bad leaving group 

(d) they have a nucleophilic carbon and a good Leaving group 

folj WfJjJcto one of the fallowing )s not a ItUclf&yllHc: '>■ - 

(a) HjO (b) HjS ^ ( (c) BF, ' 

fub.l Double bond 1# /onned ns a result of; % 

(aj Substitution reactions yfb) Elimination readipM 
|c] Addition reactions (d) Rearrangement reactions 

i irffl ) Which of the following alkyl halides cannot he formed by direct reaction of alkanes with halogen 

(aJRBr (b] RC1 J ' ^ #J ' " r 


y 


Id] NH : 


re 


(bj CffjCHjBr on treatment uilllldCr KOH glues; 

(a)-Propahal C (b) Propene 

1*1 Gr^nard s reagent glue# alftane with; 

(a] Water (b) Ethylamine 

(xl) Action of alkyl halides with Najnetal yJeldi 
_ £b] Alcohols 

NU Alkyl halides react With excess- of ammonia to glee; 

(a) limine (b) famine 

f*f!M Among the alkyl halides the n** 
fa} SN, (b} 

fxlcj Gtitjnard's regent e»i trc(rKncfit Uilth cJilflmNdnr* gief-v. 

(a) Acetamide rffc) Pritnaiywnin^^ 

I®] hydcopJiJfJc addition of a primafy~dm Iff' giving, 

P .fej Imjpe lb) urea 


(c) RF 
(cl Propane 

v"' ’ 

(c] Ethanol 
(c> Alkenes 
(cl T' amine 




alkyl fttnildo.iihtifiys/olbiiti the mechanism: 

SN^ (c> SN, 

,y *■ 

(c) Secondary amine 
(cl ammonia 


^Rl 

id; None 

" v (d) Ail of these 

(d) Phenols 

, id] all V v 
v_ 


id] SN, 


Id] mca 


id] Nitrobenzene 


djAiiv (c) One 


ANSWERS TO MOLTPLE CHOICE QUESTIONS 


(Li) Ans: (g) F^ltnaiy ^U>tvl halldgs 


definition, the purrviry carbon .itom is directly allached iu 
™ carbon atom. e.g.'in CM a -CH s -Br. the carbon atom 
■Sdji ^heri fo Br is rhe primary c>iitx>n ulom 


Since primary alkyl halides have Less sleric hindL' n 
the nuclecijJhilG can easily nitark and the I;-.-.- ' ' 
Leaws in one sjep Such lyi'H' Oi m aelh r. i ■ ... 






TOP 



Tl-irU! Ilrtdfc 'Ax^iliJ Fa SllHletiCb 



C C 





! lf*v 


(vi.| An.*: (b) Eltmlnatiun 


react; 




(Ik) An*; (b) 


I ftfJH t:r : 

ytJiVAft', $o jwf.f> r 

■ KfjH 


lull An*: fa) Alkane* 


. ,r1/ ri ■■■.' ' .r>f «■ a 


7 hint 

2Na ■ gMf/;i rCJI, 1 i 2N*aC 




Ixift) An*: (dl all 


A.. ' ; ■ ■ ■ 

I o' re-actanli 


:r r.<\ cit"' 


Mv) Anai <*) r-aming 


[ J fisryjrv Jalky? h-t. r * Lindentnce lo )ht» approach of The reaction Li 

r.udcdpr.,;i' 'in:.:- •,>. I ■ at 1 ,] <2 a rusdcophile and thu; CHjMgC * NH 2 CI 

removal of the i-.v- j f.v ji *;»>!» pf -..cc ut ore •‘•tfrp So ih'.S Lsi 

?ii4r S. J. r’t'rt.. Iirjfi 


I *vi An*: fa) Fmlm 


.N j-'d^op! 1 1 il i- .!-:■! if-r ; • f ,| .nr rn. 1 to carbonyl dOfr'^yj ^ndi (Jive 
. rrucur '' p i n-/ 1 i.hopU- ; 


Cl 1,NH, - * l ' r :. 


2 : Give brief answer# for the fotlowln 


(i) What ari' primary, wr-nndaty amt tertiary nJItyJ halides? 

(i) Primary Alkyl Utilities: 

Alky! halide in which fiatoycn atom rs at racked urth primary carbon are raffed primary he. 1 ides. 
A primary C-oHorn in a stacked lo one or no carbon atom is caffed a primary C-aiom. 


R — — CHj-X 


CH-Ct 

Methyl chloride 


CHj— CH— Cl 

Bhyl thionOe 


CHj-CHj-CKrC 1 

n-Propyl chloride 


Secondary Alkyl Halide*: 

Alkyl halide in wrbfcb baforjen olom is attached u?f(Fi a secondary carbon Atom is coifed secondary t i/fcy.’ * 
A Secondary C-atom is attached fo in> o €■ atoms srmuffaneousfy is called a secondary C-atom. 


H a G 


\ 


CH-X 


CH—Ci 

2-Chloropropane 


H 3 C 


HjC— CH-CH^CHj 

C| 2-Chlorobutane 
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ai t ! 7: Wflf lAti flflJ.lifirHCt 

( j[r) Tertiary Alkyl Hof/de sr 




(■|.*We^v Gh'iwnfriV 'mV-'J - 1 i 1 !.- 1 'T r ■ r >rri ■ 


Ai'lcyf hafides, in which halogen cton? is attached to a tertiary carton fs caiiea' tertiary a',kyi hvlidc 
/i rertiary C-dtom is attached to three C- atoms simij-.'taneous.'y is called a tertiary C-a/c-n: 


CH- 


R- 


H,C 


■Cl 


CH, 

2-C h loro-2 - met hy c rc pens 


{li] Why alkyl Iodides cannot be prepared by drrectfy ficalJHiJ Iodine with aJIitniC? 

The alkyl iodides cannot be obtained direc tly by treatin g alkanes wilh i odine. 

It is because when an alkane reacts with iodine r alkyl iodide and HI are produced. The R Hs-a str ong 
reducing agent. So, it reduces the product alkyl iodide back to the original alkane. 

- - ' - hv" 


C H 4 


UV light 


— CH—I 


HI 


CHf-I + HI 


CH t 


h 


■ " ' 


m 


mWlwt are Nucleophilic substation reactions orSN reaction? — — -7TTX 

The reaction in which a n udeophile replaces another atom or a S rOup of atom already present 

molecule are called nucleophilic substitution reactions. 

General process of 5* reactions is 


* 


Nu~ + 

neucleophile 



LG 


substrate 


■C Nu 

product 


+ 


LG“ 

leaving group 


W Tertiary alkyl haJ^aJw’Sjd ^ ^ alM gioup*. Therefore . ii is M 

Oils 


c 

\ 


The lertasv aDiyl '«W«*on .ton. 

Therefore, S*1 reaction occurs wjth tertiary alkyl nanoes. 


Step - 1 


CHj 


-0 


H,C C Ci 


polar wlwnl 


H 3 C 


V 


CHt 


CI 


stow 


CHi 


ch 3 

Carbocation 


<V 


m 


&£il=2 


H t C 


N±/ 


CHj 


HO 


l' 

1 

ch 3 


CHi 

| 

H 3 c — C — OH 

CH S 





■ t 1 '- : 


- * n 'T2"f r l 
I rffc* * 


•■' * JLULut *- ■'■' * i 


• - 4 M • ' ■* v - 1 -* “ H 

*- 1 ^ - -•-• ■ ^ r - 4 »- - 1 -i 

2 . jLT. - "Wii ■*# 

■ J, S^.J .*■; •* r jfc ... 1 > L 



'r^rTUt^v. . r- v - 

■:;^v ■ i'-T : 

■ * ■ * * 
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1 if 11 i 1IA i j iliiliiit • .jri.J 1 1. 1. . .. ■ 


(ti) Wim I till' Nrm-i ' 

Ihn ciltviilf n! n'u<liun Jn i* Mi Ji \u.u groups mu- rJrrr *'*■ t ' ' 

i 1 J I n 1 1 ■ ii ri Ion jv tic I J oi i . 

Wh«n p hydrogen is diminui^! ' 

Fixamjjft'sj 

Alkyl lii inters on Wimg with ateohotic poUis . im t ' - r: 


■; ' i: d tv: 


CHt-CH*-CH-CH, + KO H - '.''£'1 CHr-CH r CH=CH, + *S<- 

•; t; 

h Br 

i. j 

1 Bromobutane 


Which factvr dec Files; the firtrcilrhy o/ crlfcyf hciUrfr;*? 


‘j : ,c g% c0“ - ■ - - - r - j * - 


There are two main factor* which control the reactivity - * -V r & 

fi) Bund PMarily - 

The molecule oUikyl h alide, is porte d due to the gre aife: e.acgggggat^-^ 

Hence carbon acquires partial positive ^ere^ hajo^ns acquires part-g, . .eoa-.^ej-.j — — .. ., ^ „ — 
nucleophilic in character, which car, be replaced by another nucleophile. 


{li) Bond Energy 

Experiments have shown that the bond energy cf' OX bond is Te main iactorj yhtcn «c ere 
alky halides, and not the pdarity of the mo lecule 


A study of bond energies of C-X bond shows that C-F bond Is the strongest 
So the overall order of reactivity of alkyl halides is: 

R-Wlde > JMvttmfcfe > If-eMondc ?■ R-fluorite 


full) What ari the dlazonluw salt? 


T 




When amines react with nitrous add. diazomum compounds are formed 


NH, + HNQ, 


R- — N=N + H0“ + H ; 0 


Di 32 on um on 

The diazonium group, group is ustable. !n the case of the elhyldiazcnim ion. it deromp-:: n; - -c 


A 

CH r CHr^-N=N 


N 2 + J CH— CHj i 


H i9 r CH— CH r OH + H 


When the group is attached to a benzene ring, the ion is stabbed to some extent by the deity ah/ed c ■ 
Tl’.p henzenediazonium ion is therefore much more stable than aliphatic. However .1 also t\ . . ' 


the ring. The benzenediazonium 
readily above HTC. 



n=n cr 


NaNO-j + HCI 


0°C 



or 



* 


- ■ 


fS ■■ 


bar- 

aye 


£jd Ha 


CH, - 


>: i .i d 
p 


nil C 


m e 
p 


'iiiV 

I 


[O t 
fa) I 


ihn 


fc) . 


h- • 
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I, 'in' Haiidn ^ 

M f J ■ 


f-fotc cor i nudeopfi-ffrc addition o/ a priftici^ amble gfnFig an fFiiiFiC? 


H* 

is 


r ^hh 2 + 


£3 



05“ 

1^+, NuCteophilic 


OH R 

I / 

- fi. — C N 

H Addition | \ 

H » 


-H.Q 


S' ( i-i-rru U> r i f-'fJfral r '' 


* / 

\ / 

C=N 

/ 

H !mme 


• , lm | n « arc more basFc them aiWoanus aJcohofs iifiy? . .. 

- T- Arriipfi : > m.v; net n-. bnses t owards acids . 'They ?>:>: more basic than alcobob and c‘he'> lc ' 5 
e£^£lingle electron pn.ir on nitrogen atom which is readily donated* On fhfi Qthet hand, in alcoii^ t>, t _ ^ 
3T? kjo ~lon e pairs of electrons on oxygen atom. These two 'electrons compete with each other unng 
donation. Hence, neither oHhese two is readily donated, so alcohols are weaker bases than amines. 

Tj fertJary alcohol* are obtained JrOISi R-Mg-X? 

- YetUaiy alcohols are obta i n ed by i he reaction of Ft M, g- X with -eton c s . « ■ fl- 


CH a 

*+ — + 

5 0 c — ~ n 0 th or 

CH r Mg-Br + J* J — * 

CH 3 

Acetone 


CH, 


| ' j & \ o" | / 

CHj-C— d[ijfS[Br_ m !?&-+ CH 3 ~ C — OH + ^ 
I H 

CH t 


CHj 


Br 


I 

CH, 


2-Methyl-i- popand 
1 3 ten ary alcohol) 


03 : Gloe deiaWed answers far theJoUo^i 


fl) PJjcuss (be reftCtfoJfy o f trlfc yl h o lid**- 

Page 226 


itrcrxrtons 


jUi Gft* th ree methods for th^^rtftonof atky\ hehde*- 

Poge 226 


mE^l n 

' Page 231 


b) What ore fl^lirornotfo* — 1 h -j**** Jf ~ 

Page 234 .. — — 


(p) Hg W wJK you convert **hyt ch todde to^th*_ 
(a} £tlSyf iysnfde 

+ KCN 

fbj Ethan of 

^ CHj-CHj-C/ + K° H 

(c) Proj>QH<! 


G\4—CH^CN + KCt 

Ethyl cya tilcte 

CHg-CH — OH H 


KCi 


+ „ ch-ch r Mg-a 

CH r CH|-C/ + Mg 


/ 


Br 


CHj-CH-Mg-Cr^ CH-BT 


pth^ cH r CH— C« 3 + 

Propane CJ 


OH 
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Tl‘*Uliliridl!* W^iMFc* Blltdefilb 


' lYV 


' -M- . 



f ff * i 1 ’ i,% | il/nfrilVt ojirf | 

id) n-Mutune 

/ 

_/ CHj-CHj4-c/ + 2 Na 


3S 


Cf ch 2 ch, ^ 




CH 3 -CH — CH } -CH 3 + 2 Nac 


td) Tvtrap.tityl tead. 


4 C £ hU Cf + Ws 4 P 5 

Ethyl chloride 


(C 2 H,),,Pb + 4 AfciC/ 

Tetraethyl lea a 



fujy D/mruis the prppciriitiun rind rcoclJi'Jlj 1 of G rrgjri ord ' s reagent. 

Fwjc 240 

fidlj WJurf wre the Give its nomendalure. 

Paqe 244 

Wftctt are. the wain features uhleh fncretisc the ijcisfcilj , 1 o/amfne? 

PiVJi; 250 

fix) Amides are redurad hy UAlH t . Give 
(traction: 

o 


R 


LsAJH^ 


NH, 


/ 

R C 

/ \ 


NH- 


H 


Meehtmh ifn 


H 


* The nucleophilic H from the hydride reagent adds to the electrophilic C in the polar carbonyl m. -.. 
the amide. 

* lire electrons from the OO move to ihe electronegative O creating m intermediate metal al ! r : 
complex . 


C 


o- 


ch: 


nh. 


+ H— AIH 3 Li + 


0 — AlH,Li + 

cjrA 


O » 


ch; / 


Step 2; 


* ir’ " it ^ hedral '" ,c ™ eJia,e collapses and displaces the 0 as part of a metal alkoxide leaving g™ F 

• llus produces a highly reactive im ini urn '■ rtT ' ^ n i * — . «,t: ,.i » 


ion an intermediate. 


9— AIH li* 


C 

x c^\ 

CH 3 / AW. 

H 


s' 

CH a 




H + 9 AIM a Li 
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JbeUinptdfe 


J-: ni.lt! Hal \4ri «4 
1 


H 


t f ! !fgf C ■■ rtJtrd rar< - fS 


tep fhe nucleophilic H from the hydride reagent add? to the electrophilic C in the iminium system 
The n -electron s from the C-N move to the cationic N to neutralire the charge - h-^ ■■■ ^ 



■NH ? 


+ H — AIHjLI 


CH-, / w 




P~lJhi .tg* the dlozon tum ff gflJ?JMgWjh C y can be prepared? GMJfcrfr ructions? 
'^^e'riamines react with^qus actijf&zcmium compounds are formed. 


R MH 2 + HNO 




R 


— n^em + ho + h 2 o 


The diazonium group, group 


3 T *»--2 

Diazomuni i on 

„ TMhCT unstable- In .he case of .he ethyidiaKmim .or., i. « «“ 


Ah 


CH^CHj — N=N 


U 2 + [CHs-CH a ] 


cHr CH r OH + H 

"**■ C K 2 ~ — ■ C H 2 


When the group is attached to a beraene mg the 5^ Howter.'ttaLo decomposes 

the tin 9 . The beneenediazoniuen ion « therefore much more 

readily above lO^C- 

N=N Cf 


fieacfioHS 




M aMO, 4 HCI 

'W" 


H z O, HjSO, 
100 e C 



or 







Ti b Ul h'lire W mIiJ Fi> 5w*lbfiG 



f tl t- i . <1/*,., H ,j 


jl ftl VQtJR SkllJA 


Qfl-1 ECTT'/E 

1 kl-ffcf irj l 4i nnf ifv 

Not*; Otsir iwrrtjng, cutting, j&irQ iead pendl will rsuh ji Jqm of marie 

f hf 1 Cir* Ip the t unreel option j * AU C I) F.at'! v h ' r tarries one mark. 


Mark* 1" 


* NsOH 

A r. i- 1 ' ro. r. j .■ 


— . Cjr.pH - :->Br 

H. N'ur IfrfjfrhjI'C C £■ ■" 3 '■ 

■ • lr: CH*-r.OCK $ - , Py- . - r* - “O — - >. 

Th is X 

A fiH.OK 5s =-.0H C CHjC?.' □. Tener, bairi alcohol 

Which refcgtv ' yj' no! be .'-^o -v.'.". >'/■. •.». de- frem I 

K HCi - ZnC. s fl N»C1 C PC . D SOC \ 


(nit 

l!V| 

tv( 

"VLj 


D None 


Tiealmer.l *}. *rr.::.v <■• - “ s/jes or or. at . y.e - 

A Ijwrlhyl am r-i B. /jr.j'.i C ''5" r .. am re p. Terraelhd ammon-juin chloride 
Al/y Noor^e^ are :e-:L 'feif :■ e ■ h a J .-. , -,.o d# ■- 

h^ lwnj eiitrw ~B lew bond energy ’ C. high bond polerify D- taw bond polarity 

Fori he CjhLOri * HX ► O'./ 

I hrt -.rrK" fjl r?a r .ir. r_. r. i_" 

A HBr > HJ > Iff.: B. HI > Hftr > HCI C Hi > HC, > HBr D HQ > HBr > Hi 

''jnj When jiiiyj -?!V'.-ri*-..:;rn bromide ii frealedjy^v. 9 r r. . %fut epoxide 'r* pcdutl 

A 2- butanol B l-butanol 

1 vinj Gnyiwd |- 

A Or^tmo-.uptK. i orn;/.. . r. : . B. Orctano-magne^i um c-om politick 
C Organs*?^ crjir-pcrands P None of -above 
I ix, - Which one of !he f-Nk-xi-iv ^ ar. Eilec^CffloS . 

A Mfi B H,0 C CU D. EF : 

Ixl A'r.ai r, shape -.1 or.' 

A l.mear Ei Planar Square 

fxjJ Doubter berri i . form g?J a r > re-yj :i of L r - 

A Substitution reaction r K. EJimmation c <; a 1. 1 i inn ■. 

C Arid: lion reactions D Rearm ^ofmenl reaction 

'"xjli Th+r common y-dri.r.- ot 2 -mel k/. 2. •c.hl'-f'-. |-. r'^r.e a 

A bobirtyl chknda B Me-bultf efcond* C l^r-bufal ohlorlri» D n-hy(y| chloride 
I >0 n| E-Z rear-lion obey? ^rr- 

A f- ini order V n«i jc( H, b eco itf. J i r J w hmrt kj ,C Thi rd r? r de r hi nel ics D Zero order kine lies 

‘ KJV ' t h ,A 1h<£ r ^ Jwir '3 B: ^ !| « -<r be formed by direct r^riion of a k* r; es wil h halogen 

A - m ' B RC1 r. fiF D Rl 


C- planar 


□ Telrahedrai 


• Xu j Cl I .CH^Br on Iteilment uujth *lc.KOH givey 
A Propamsl B Propene 

(xvij Cingrwsrd.s reaij^nl gi'.rt:-, alkane j.'iifl 
A - Fi. _Elhytainme 

\ XVtt} Action ^af a Jhyf l ialides with Na melaf yieltT 
A. Alkanes ‘ ' B' AkuliiTTC 


C.RF 
C Profiane 
C Ethanol 
C AJkene^ 


D. N 


one 


D. nil of thes.w 

D Phenols 


Timer 2:3$ Houre 

Q£. Ariempf any FOURTEEN part* The 


SU KJECTIVF 

c * ,, Total M«l«s™!t|*n Band C: 6S 

Seetjon - Ei [Mairkri 421 [14 w 3 » a ?\ 


art * WEr ** ch 5 to 6 lines 

fi) AJkyi halides are considered emongyr Lire m«l reacts r_k„ 0 f 


Eij.ve 

tC-KjljCI ^ tCH,},OH 

Evi*i laticwi ■> 5 


Df ^ nic ^rnixmnds Consider the equation 


J n9ms a,ld medirmiJin mvolued for the above cotwersion 

h wiB happen to the conf,r Jurat ion of alkyl halide duritw the B rafete> 

c Wnle rale equation for this reaction. 


01 

01 

01 


(HJ . «»(. «*». 1M lulide inl0 Glisnards , rauiill? 

b WhyBlhed^fthur ™«Tvforll W p rtWla , )0 , Gli , |wrt s |S « 

‘ H0W ‘ i “ ! ,he ***> *** f”*” -w™ .HU. .,«, s ;„h Gils™, ft ^jen, o! 

,™, Hpw B Grtsn.nd (Wn, »»! to.te pwpa™** =1 Gi« elv thr« eMmpfe! Wllh rca[ , |on 
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I!'*; U I i H i idie'AvilU f I.- 5;i.idHhi'7 


Z -r* 




Si 

_ Ifc ,■» “■* ” 




C- ,'. V- ( '■' — ■ <t - Federal Brjrrf, f-'-t-'r -II 


I rVj a 

b 


Wnt< Me rnelhcds lor the preparation of alkyl | ia 
What arc primary 1 seconder, and tertiary alk’ h..-. ,■< ■ 


(vi 5 ^ al ^ iwtid ® MniiaE bc ^ <iire«iv heeling .cdire w.-h, Acres’ 

*■ Thwnyl Monet . bO C. r * the besi rwgenl w> get a |i,. chides from alcohols why* 


|n o 

b 


How a-kyl i(>t'-!d« are prepared? 

Which factor decides i h reactivity of alkyd hn i-l 
D efine art c‘leCtTOpKiLe and n nucleopf^te 


& Explain the given order of rearavir, 
R i > R-Eir > R-Q > H-F 


ivinfa What produce fre formed wh< n ihe :o!'r x ng c nr ■*...-■ Si arc :u-.ev.! «.-,:h L '" I marines u~- F-. 'vJc 
A. HCHO . B (CHj.CO Q2 

b Why Gdgnard'i rtftfltnJ is highly reactive? q] 


(ixl & WhaL are Nuctoeaphile sutshiution reaction -r S„ read ;:: nit- 01 

b Why primary alkyl halides always fallow S K 2 met h -msm? \j[ 

c TertiarvflJkyl hftlidesshOwS H lreai:1iflrw Itiosllv Why’ (v 

fx) a 5^,2 reactions shoe’s 2** order kiKdict, why' 1 Oj 

a Why the configuration of the product n inverted during ^tr^ctarmm? 01 


c. Why there is 5©*o inversion and bO'T- retention ir. Inc product fanned during S„1 re-action* 01 


(rij a Write dourr. Ihe (-butyl bromide with KOI i in aqueous medium? 
b What are |3 ■ Ef imi nM ion read ;on.-s J 


(xi:l a. What is Wuntz synthesis'? 

b Why all reagents must be dry during the preparation of Gfi§nard's reajent‘ J 


l»iija Draw all Ihe pcttibk ttOrrtere of C*H LJ Ci f:>d clarify them m primary. seemdar,- a-.J '. r 1 :,;:; 33 


(xivla. How carboxylic acids are obta.ned from Grignard's fe&gen^ 01 

b. How tertiary alcohols are obtained from R-Mg-X? 01 

C How tetraethyl tead is obtained from alkys halides? 0l 


f!W) a. ^frat is a carobcalion? Write two methods for ils generation? 
b How alkyl holwtos can be prepaid from alkanes'* 


(Kn l a. Write mechanism of E2 TeoctLOn 

b Give two methods to produce primary alcohols I rOrri Grig^ars s reagent 


fyciila Differentiate between El and E 2 readron. 

b. How may Grignard's reagent may be prepa-redl in laboratory? 


fff.-ii ; a. Iodide kin is both, a good leaving group and H good nurleoph’-k Expla.n why? 
b. How may FCI S btf used for the preparation of clkyl halides - 

f faojia How halides con be reduced to sikanes? 

b How alkenes may be converted into alkyl halclias? 

c - What is the effect of nalure of alkyl group on the prepatal ion of Gngnard's reagenL ' 7 


jection - Q 


Ne t«- Attempt any TWO question*. All question* cany equal murk*. (2 ^13-2b| 


^ a Diseuvs the reactivity of alkyl hak-des 
b Dijcuss classification of ailkyt halides 

t Qfaoethnw can be oblaired from Eihenc in the laboratory by the blowing mute: 


CH Z = 


CH 


(IH 


CI^CH, -CHjhCE 


(HJ- 


CH, = CH - Cl 


(i | Describe ( fte condi I ions nectjssary for each of the read ions I and I! 
fn) Describe the steps in the mechanism oi leaClion |. 
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u; EfM iW*k « riNaiu o’ Pk*w* |hfi frfemt M TiiliW *« 


Hq* do U rtm y ftSkyl |l«Ui undergo nutlfOp**^ mbitttuh 

,- t • a - -.- 


■*■ 1 . tKM- M il 


C 4 
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Q 5 ■ i j - H 

t> Cm n* iJpfc - ^ t "•* ■ , . ■ 


V-l 
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ch— ch ; -cn -a 


JM 
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d H»w mi^wnum bromide racti inth 

■ MH, .uJAke^ 1^00, (tv) Aldehyde {v} Ac*™,* 
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CHAPTER #18 

alcohols, phenols 

AND ETHERS 






INTRODUCTION 


Tb* structure of alcohols, phenols and ether* are :, ..icK dose! Z 


'lo! 


X H 



in water. 


H 


*o; 


H 


H 'H 


c,h 5 x h 


R R 

phenyl groups, respectively. 


Alcohols and phenols both contain hydroxyl -.OH; group attached to alkyl and 
tn ether both hydrogen atoms of water are replaced by alkyj or phenyl groups. 


MCOHOLS 


The aliphatic organic Compound# containing hydroxyl group -OH. as junctional group a re called 
alcohols, 

Honahydifc alcohols: Alcohols containing one -OH group ate called monohydric alcohols. 

ftflyhydrte alcohols: " he alcohols containing two or more hydroxyl groups are known as polyhydric alcohol. 

"laBfJJcaiisn of Monohydric Alcohols; 

Monohydric alcohols art classified into the following three families: 

ft! F-rfmarji alcohols: 

In these, oJrfion aio/m fo OH group, Is directly attached to one or no carbon utum. 


CH-QH 

Methanol 


CH r CH r OH 

Ethar.oi 


CHj— CHj-CHj— OH 

1 -Propane] 

(rf -propyl o oohol) 


[IIJ Secondary alcohols: 

In these, carbon atom tntoefted to OH grtmp, h directly attached to liva carbon atoms. 


CHj-CH -OH 


CHr-CHn-CH-OH 


2- Propanol 
CH, fstn-Propyl alcohoJ) 


2'Butanol 
CH, {stc-Bulyl alcohol) 


ft^J Tertiary alcohols: 

Jn iAese, carbon afom attached to OH group, is directly attached to three carbon atoms. 
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■ - ■ ■ i j ■ r_" ■’ _V’’ L V, 


. ....- ;;i t ' Al'II. ■ 


? -V - v 


b; - : f‘ 


cm,;:-: 

Mtwhvl - ' ■' 


C.HsC^OH 

Benzo l alcohol 


: . . - *=-■’ v 


•: 'jr,C i - ■■ 




■ ;■ jr’CL't’ 


msz 




[he hydroxyl group is *H«ted as the parent bydrocartx 


■ -- -,{ carbon atoms contain Lng 

n The end r.g e of the p are r.: hydrocarbon is re pi aced by ol 

pcii-ar. ei -OH sroup indeed by placing :he number o! carbon [O wmch -OH :s a“ic 

before the name ci alcohol- 

■j L : “re carbor. chain bearing -OH group is numbered, beginning from that end which would assLgr. 

\:/„i±- r -vi'ij :..£ number to carbon atom linked to the -OH gio ! -p. 
ft ,i The prci^r.cs of mere chan on -OH groups is indicated by suthxes -djol, -triol, etc. a no repeating 
number c ; iarbon atoms to which -OH groups are attached 
M In ur. saturated aicohol. the hydroxyl group gets the lower number rather than un saturation, e.g.. 

Examples: 


CH r CH ? -CH^CHi-OH 


4 3 2 1 

CHt— CH s— CH— -CH, 


1 -Butane 


13 - r[ “3 
2-Butanol 


5 4 3 2 1 

CH 3 — CH— CH5-CH — QH 


OH 


CH- 


OH 


1 1 

CH.-CK 


3 Z 1 

CH^-CH-CH 


4-MethyP2-pentanot 


OH OH 

1 , 2 -ElhanediQt 


Lkk CHj — -^ Hr0H 5 h fch-ch,-ch.- 


2-Buten-i-ol 


JfVSJOlL pmpFfrriPQ 


2 ‘ “■ 1 "2 ’2 

3-ButenH -ol 


G. 


Gt 


< i V T' ^ «* ^ad,V S^rl!i*T f 4 3 lotbit T of a] : Tl smelitand bu 

lower aicohols but de rea5M J ^ ^ to f^oieiTFond.ng *h 


c — - 

rO 




V\ 



^ -- ■ c J u 




'y * 




ts due to hyd 









• 4 vp- + - f J"** •» ' » 

4 #* - *■+.■*+? ♦ wj. 

4" * 1* * ^1# -flL — <#-#■»•-# --* : 4>^#- -’ «• «•' W*f > 

•* ^ ^ «*■ *»••■••» ».►*. fci • ■ (• -#| . JL » 

' #r •+-+• .*- 1 ■<• •* ■*■ •■« r j ?•■•. 

. * * *4 -f- H # *4 •# ' J+4~W-tf +4 - fc-V ■* 

. J #4 - *-A» -j*v*F ■' f* *. # si- ?- H^- «- 4 i 1 - JL 

1 * •&'&** m 1 W ^ -'’ f '- .j *• #*• 


r^n ryfl 

■•> fc k v ' d r^r* w 
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PREPARATIONS OF ALCOHOLS 


1) HYDRATION of ALKENi 


m 


Hyd ration of alkenes is carried out in the foKowitiig two stops; 

■-t'kerics are dissolved in concentrated H SO. to form mkyi /jyarOgSfl P 


H 2 C— CH ? + H O — 

c= til ic* joe 3 u J u' c 30 d 


O 

II 

s— OH 


^-n lM - 


H,C CH-OSCLH 

I 

H 


V1, 2 ---j’ 

Ethyl hydrogen sulfate 


‘b; On dilution with uoier-foliowed by beafuig oik-J hydrogen sulphates Tard.hydrotyzed (t * otco.hr >ls 


f - - ■ - - “ - 1 1 00 c 

CHj-CH^OSO.H _+ _HJ — OH ► H 3 C CH— OH + H SO 

El.ha.no! 2 4 


- ■ - 3 - 


The rezctiv n follows Markownikolfs 


ru it? 


g ^ g _ 

CK— CH=CK 2 + H — OSO^H 

1 - Proper g 


Hr- ru ru H „0 / 1 flO''C , , . 

'■SS CH— CH 3 H 3 C CH- 


OSOgH 

isopropyl hydrogen sulfate 


h 2 so. 


OH 


2- Propanol 


2) HYDRQLYSI, 


*J:Uj 

,AikyJ halkiss can be converter*! fA. =ipC~u..- 1 ^ 7 _vi v — — — — 

t^bohoffusina water^r hydroxide as the nucleophile” 


HO 


or HO 


OH 


. 1lSr ” ' nucleophilic substitution 

— ^gttinii.r 

t Pv . " ‘ '* **mti t Fir wmfR 


Primary, sec | ;r , ri^ t /f fg 

*** Grignard real !£S| idc ; ,h< *, can *» P*P>.red by ih, u ' , ' — - - - 

‘ ' 3 carbon ^ ^ecule and theLuliin „ ^ Gr, S™rd' s reagent. 

Primary ofco/1,,1. 9 c,,rn pounds forms alcohol 

wrmaJdehyHtf. . , 


fa} ^Ipnorjr atcohut; 

JwnaJdthydr ■/ |r . , 

fTy a,cohoi with Grtanatfsreagen, 


/" 


H 




WrMff-Br ' + " cSq 

/ \J* ' 

H 

1 ' Tl ^ldchyr^ 


ru ' ~r+ _ fi I s' 

ch i~C~^ O.HtoBr HO~H | 

„ h ‘ CH --’j~o 

H 

Ehanoi 

(a pJlmar y alcoh 





'i 


1 


mi C^nililrv- Hear* 

jjl a^thydes except (oirnaldehycie give secondary alcohols with Gnyn^fd's ica^'nf 


4 JJf .^JcLiJiuf* PJwniil* and t'JhiTi 
(bJ 5 4 cendofyA(coho/sr 


CH 



CH 




Dr 


S ; 6 1 | 

H 5li!~L CHi~O m — OH + Mg 

H + 1 OH 

H 


2-Propanol 
,;a secondary alcohol) 


(iji TertiarV Alcofi<?(s- 

Hgtones tertiary alcohols with Grignaid's reagent 





CHj 


CH- 


~r+ 


-c- 


’ r+ \& + 5“ 1 

C«ri*-«r 7y=° ^ CH-C-OIA1 


& 


WO-H 




Dr 


H 


CWj-C — OH + Mg 


CH 


CH, 


CH. 


OH 


Acetone 


2 *IV.etfJy 1-2 -propanol 
■ a tertiary si coho '; 


REDUCTION OF ALPFTfYDES AND KETON 


Reduction of aldehydes, ketones and carboxylic acid (esters in the presence ofNi. Pd « Pti 9"** almho,s 


OH 


Catalyst 


CH— C H + h 2 

Acetaldehyde 


CHj-CH — H or CH— CH 2 -OH 

Ethanol 


LIAM, can also reduce carboxylic acids as tuel I os ddehydes, tetenes end ester. 

HCOOH + LiAlH, -» BCHiOH 


,’SJ HE ACTION OF RU OR HMGX WITH ESTER 


Esters react with Grlgnard reagent to lorm alcohols. 





A 'U-Mg-Br T*\ C =T^ CH 3 -C^O « 9* 


H 

I 


! A 


OEt 

Ethyl formate 


CJ 


H 

Br 

1 

/ 

cjac=o + 

Mg 

Acetaldehyde 

OEt 


OEt 


? 

■I 

I 


\ 


i 


I 


I 


fa 

IS 


I 

t 
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LH m IS- Alcohnli. JPJi «,<>,!* 0 *id Elh* rrs f f *r*'*''J ''' '■ ;• 

- •- a '.n., if, ■:. ’net: reacts w:?h a no; her molecule of Grig,nar<fs re-agent to giw alcohol 

N H 



CH 


Simila^y Dingy esre: vve Serriary alcohols with Gri guard's Reagents, 

O 


j -f+ //ijd $ i ^ 

3 -C — QMgBr ■■■-" » ■ CH -C- OW + Af# 

I H h [ 

CHj 




C 


2- Proparol 
(a secondary glcoho 


CW, 


C/f.-Mg — Br + — -r 1 - — nr w 

J 65 C U 0 2 H = -— C s Hs-C OH 

Ethyl benzoate 


CH , 


2 Ph.enylpropan-2-c 





LiAIH, 


4 " 


0 

it 

p.,C. 

R OH 


OH 


* H-C-R' + 

i 

H 


H-0 


LiAJH. 


O 

N 

H' C OR" 


OH 


i 


H’ C-R' + 

i 

H 


H'O-H 


: ^Ssarr 


ftEACTIVlTY 


Slj, t]u\ car: 



s okoM > ft . ™-°Y° ** i 


m<*r v alcohojf ■ 


e order of react jyiiu of c- ' - r ^ 34 



CH r CH^OH ™ clw »* il « + 

x C_jU, CH rCH z + ho’ 

/ - 

ru ru J 6 +t 

. -Hj 0 — — f-p ^^epJiiiti 

V_ CH 3”CH^Q' + ^+ 

ElhoxJde ion 


rm <vv alcohol 


• / -M .. . 

?'* r *•■ 1 ... t > . £>_ 

*7 - - '- **y ■. i- , 




' H tsl " : 

ttrd t'Vfii'tJ ■" ft. Kutafii* 


, . . * »i *-»» i . .* ■ ; \, 

nw r *-* 1 1 *■ r - ' * m .. . f 

- «. ■ **■%*+ ' # 7 * ' *.— 

- -’••■•f — ** ■- ^ to. ,J rir-j -» * ■ — 

. . - ‘ a ^ “ ___ -•' 


— ' 


• ■ • ' ’ V' ■ 

■ . ' 

- i 1 ,'- -■ iiSCT- • •'; -■ 

_ .JJ . -’ 'J- ~~ t ^ _ #*■ * * r - ■> - ^ 



V 


^ ^ j§ jUdccM* «rn<J 

r$ic^W§ 


C'^rfrrjr f'j t rrN^rrv P'^W fWni' P^- r -' 



~-7- 

I>UG to the presence of u nshared elecjron pairs on ih e oxygen atom of aj 
react with halogen acids to form their respective alkyl halides 


co 


H-v act as bases and 


R— OH+ H-^Br 


-Br + H z O 

TTig C-0 bond in an alc ohol is very slightly. polarized Therefore ihe following reaction rr.ec-.nnh-n. ■■ n. - 
possible. 


J 

r 


i 


6 + &- 5 * 5 " . / 

R — OH + H — Br 


R— Br + H 2 0 

y-.iL st” 


■ionium ion. Now ihe C-0 


\ ■__ v ■ r 

, In factxthe akoholdtfrrget^^-J^jd t ac cepts pr oton from.Mx to an alkyl oxontuig^ ,- 

bond bec,ome(htghly polarized^- ‘Thus, th e electrophilic carbon is easily ati.ac.he3T by a_no P — 


bieak C-0 bontf. 

.. f 6+ fi" 

R— Q: + H— Br 

v> 



R — - O — H + Br" 

Alkylownium ion 

H 


R 


Br + H z O 


- ^ 1 _ .. 

Thd orders ojjBafitivity of hfllcifl^acidshti > HBr >Ji£L- 4 
... Vto — »■ " L- -to. — f > n r.^lrnhfSl i- wt-alcohoi > 


* ] na orders ■ ; ^ — ■ - ~ . . . ■ 


■ ‘ - K-'l 




\ 


ZnCI, 


CH rOW + H- Cl 


^ R t 


■CHi-Ci 


+ H 2 a c a 

2 C- 




... '- 
V 1 


Primary alcohol 


neat 


Mccfmnlini 


H 


C \^cT\ c-V, 

ZnCl 2 


Hto- 


+ 

O 


fl i 

m C - 




\A . 


-ZnCI. 


H 






R^_ 0 




Zn€1 s 


R + + 


H^O — 'ZnCl : 



"" y _ 

H?0 + ZnC1 2 + cr 


R + 4- cr 


R-CI 




* r.-HjN’ • m rfa«.lkiM 


mmm. 


K Ibj* A: 
#- J - M 
L *- 1>» J 

# I IKAi T 
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£ 25 r ; r rrr? 




■ ' * t .■ + H * 

" HI V-, f. .,„.... 

trttr f 



- u lnttix) of ZaCL 


ir e ? - ' r ate 


,Jj ' ' ‘ ", ■ r, • 


P CH -OH + „_ C! 

"' f " *J-V 



+ MO 


flO " *■* . 


t,. 



\ 


7 - e . 


R 


/ 


CH -£)// +■ //-Cl 


\ 


R a ; V/ h- 


E-'G 

rnir 


/ 


CH— Cf + 


mh ' m *V rtlc ^ mv.. uble prim-** yl ettoncfe ^ he™ 



Off + 


ZnC'.. 


jjnmediaie'y 


R — c -Cl + W.O 


III Klon^tMnrhle I A '>C/J 

* fcohob '«« "'ll 'hionutehlon, 


«c to give aJkyj chbndf! 

^ ^“OH + SOCf Pyridine 


5 

5 


Mechanism 


Tri.oryi ch/pride 


Cl + so 2 + HCJ 
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r ' VWS HH*'fcr . 

i r ■<■ <Vi ^ , 




BHEt— ; Ur ■ • ■ - ^ . ■■-*! v 

■'*' .; »• 

;^ X ’ ’J 'I * 

rn m*. A A ♦ 


ii^s :".-r |r : 

- , fi aFKf '' (Vm 
I fH* 3 ‘ ■ 


3E 


^ pftpspfrorvi-v Trfbromldi? and Trlfmlltfe {PBr^ arid Pl_ ( .) 

^ bromides and iodides au> bust prepared by healing alcohols 





prepan 

3 R — OH + p j 

3R — OH + p Br 

3 


r,c|J .... i "Mr ■, 1 i ll > 11,1 Jr " ,rr ' r * "" r ' r 

I s u iib I ’] : . i , and I ' , 


3 R —I + H 3 P 0 3 


3R— Br + HPO, 

■ ■ J 



are produced via acid -catalyzed del radiation .. -r n'xohols 


.V^ 


\ 




1 II 

2 — C-OH 

he, it 


1 I 
— c-o-c 

I 1 


■"TV^V" ( ■ r> 

\ \ i V. ' , 

1 U 0 '■ 


* Rea^nts are typically H B SO, and heat. 

i This method i 5 limited to symmetrical ethers oi primary alcohols. 

# The method is not suitable for i] asymmetrical <?tiv: s 

mrchawsm \ 

The lone pairs on the oxygen mate it a Lewis base firsi step is an acid h -■ icachon. I he alcoholic 
oxvgen. is prolonged to make a better leaving group i,i.e. i l a O). This step is v c-y fas: 


CH^CH^OH 


H 


CKj-CH r O-H 

1 

H 


S "rtL 0 of the second alcohol molecule functions as the nucleophile (■ .cut-'- ■ • 'T*'- 
group (HjO) by breaking the C O bond. This forms an omnium m. ■ ■ 


(\ 




CH— CH r OH + CHj-CHrO-H 

H 


CH— CHrO CH 2 CH 3 + H...O 


H 


Step 3 


p Jr: , , . , . . .. Tlw is removed by a suitable lw. In this Hon u ater 

This is another acid / base reaction. L he ptotort IS t1L , ' . - , 

molecule removes the proton. The alcohol ROH can also do this. 1 hus. die uhu t 


CH r CH r O-CH r CH, + H 3 0 

H- 


CHc-CHrO-CHr-CH, + H 3 0 


WJJiMiaiB __ . Id to fond their lusp ci i«s‘ 

■ Alcohols react with organic as uiell as irwirjanic : auo _to ion . , ' 1 ’ 

CHjCOOH + C,H s OH -> CH 3 COOC,Hs + H.O 

* R'i us alkvl halides may also be called eilers s'* ^ 

ROH + HX -*■ KX + H t° 
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or Glyceryiir.nirrotp 

CH-OH 

i 

CH-OH 


H.SCb 


3 HNO, 


CH— OH 


J H>U a :■ 

■ give .1 

CH — 0— 

-NO; 

CH — 0 — 

— NO 

O — 
X 
rJ ! 

0 

1 

O 

5: 

1 


ft>jr< ;-r ( firrril'-r' 1 , f t’tifmi |lrju,,f j i t 

" V 

li , . ! i. ' ! L'-fll] I. ' I Nrll ! .. : I || I 


Glycerine 


NirogylCenne 

{dynamite) 


* Nitrogiycer.r.e high y explosive Quid I: .> mined u-ih rint* sand and moulded into sticks 

Dvnarriirf 

■ F-Slers are also formed by treating aari , blondes ith sodium atkoxides. 


cr:. 



C^ONs + 


CHj — C—C! 



Sodium ethos be 


vy 

Acetyl chloride 


* CH 3 C — OC ? « 5 + Yr/CT 


Erii/I acetate 


AkcMs are tody oxidized by ofkaline KMnO t or KfirJO, + H&>, sofuliorra 


(I) Primary Alcohol; 

A primary iUohol is first oxidized to an aldehyde, which is further 


ro grue drjfferent products. 


H 

1 


CH^CH— OH + £OJ 

Ethanol 


*AA + h,S0 4 


5C°C 


oxidized to a carboxylic acid. 

Q 

CH^— C H + H„0 


or CH.-CHj-OH + [O] Ki Cr; °’ * ^ S O > 


CH 3 — CHO + H a O 


(H) Secondary Alcohol 

A secondary alcohol is oxidized to 


SiW a la * am which is not further oxidized. 


CH, 

^CH— OH + [Q| 

CH„ 


K A A ♦ HjS0 4 

so *c 


CH- 


V 


2-Propanol 


/ 

CK 


h 2 o 


Acetone 


,r. _ , 


■J »- 


^■1 


i 


J“ -■ 4 :_» ■ ^ _TX1^. i. ^ . - 


• V --■ _■ 


ClF ~ : j - ■■ - . - — < . . l. . 
; " v 
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7m 


C.’L*fi eff ^ l-'efrrot Bnartl Pirrt-t! 


t (K PA*nol* MJ E»fitva 

,-jjjl jcrttory AfcahoL 

* A tertian; alcohol is not oxidized by alkaline KMnO t . . 

f When heated with a mixture of KjCr^O, and 5 1 2 S0 4 , it is first dehydrated to an altene in the presence ... 
acid Then alkene is oxidized to a ketone and a carboxylic acid by KjCrjOj and H 2 S0 4 . 


WO*-* 

CH. 


CH r CH-C — OH 

I I 

H CH, 


H,SO. 
► 


ch 3 

I 1 

CH r CH=C + H 2 0 


\ t " .<a_STJ— ■ 


ch 3 

CH r CH=C 

CHi 


CH- 


KjCfjG, + HjSO^ 


50 P C 


CH— COOH + 0=C 

<s\< 


CH, 


^n a — 3 

i Thus, each of the products contains lesser number of carbon atoms than the parent alcohol molecule 


fS) CLEAVAGE OF l&DIO 


ZE 


Oxidative cleavage of diols g ives carbonyl compounds. 

1 ^ 

— C — OH \ 

] + HI 0 4 ■*■ C — Q + O 

C — OH - ‘ ' / 


/ 


I 


-C + HlOj + HjO 

\ 


* 1.2- or vicinal diols are cleaved by periodic acid. H10 4 , into two carbonyl compounds. 

* The reaction is selective for 1,2-diols. 

* This can be used as a functional group test for 1.2 -diols. 

* The products and detemnined by the substituents on tile diol. 

* The reaction occurs via the formation of a cyclic periodate esteu 

1 0 

—c—oj// 

i £v°tt 

-c-o\ \\ 

l o 


JHE SULFUR ANALOGUES fTH/OLS, RSH ) 


■VOMtAfCLATUHE 


• Thiols are the sulfur analogues of alcohols. 

* These are names by adding the suffix -thloi to the name of corresponding alkanes. 

3 2 1 

CH^Chh— SH 


CH^CHr-CH^SH 


CHj-SH 

Meihanethiol Ethanethlot 1-Propanethiol 

The rest of nomenclature (ie. naming substituents etc.) is simslar to alcohols 


I 


H 

i 


I 


«*■***■*# MMff 

1 

,,-T* • h 
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1 4 * IS *«*>!'. F^ n „te W £ jJW , 


C titffifr Chm-itetfi Frdrra! f)r„ , ., ., 


• • ■ ' J °S' r bonding i. mud, weakei Ih.m" that in 

■ ' bowng pouts ,han simil.it ,,lt t) h„k- 


■ Generally, ^ T ^ “ 3 C »“"* « nd 3 H ^ M 

. T -C S.H b .-tad's ‘ V 1 f' '°, ak »■■ *• However, bond, to S are longer and weaker than -ho* ... f 
n rt bond, » tea polar than that in .ilcohok since Sis less eiecIrone^hVe than O ' 


muj 


• The* are X mueTnt^ ,pKa = 10 > Versus ROH (pka - 16 to IS j 

‘ Tmols ate readily oxidized but to S 0 1 towX' than' 1 1 "* ‘ * aboU ' “ ™«l~Phi.x as - , 

■ Thiols are commonly oxidized to SSfctawS a b dc = T“Z ■ 

^ ... rt & * K. a bioJoyica% importanr reaction. 


QUICK QUIZ-1 


' • (I) What 


«« ramaMrfc „ nd pplyhpdrlc aWofe? 

i J-i ■ « .-r _ . T la a . 


, vwyttif line aicoh&lst 1 — 

tpionohydric alcohols: Alcohols containmo one -HU rn- n „ , 

e -3 ■ CHi-OH ' 3 " ' 3 p fl - re CQi ,cd 7 vonohydrie alcohols 

CHpCH^-OH 


„ '■‘ elha ' ,!l1 Ethanol 


OH OH 

1.2-Etfi3nea'iol 


OH OH OH 

^2 3- Propan e:r*cs I 


® W acme o/co/jo/s * . . - — - ___ 

Small | r *™V *©JuW« Jn Mmt^r 

The ttolubility 0 ra1cX!rrl? o "ll! a J n .?': " rradi] V «*-W- i 


Tb= solubility of alcohols is due , D !| ^ 5oiubl * ««ier. 

higher alcohol due in increase in non-p„ZiaC a? 5# (K, t™*** ^ aicohoU bn, decease! j 




S + S' 
H- — -o-- 


(3} Writ * Structure* of 


WateF c,rt <l "'ethyl alcohol. 

H 


'■Virtcf 


\ 

H^l 

< 4 ) Writ* «*- fe—.'n- nf infti.11,,,1 „r-jT- H hylalC0>l °' 

fHa-yafcoM.1 /n these. •**•**)> rfcahrW. 

n/OFU. 1 ar ° ,n df/orcfnetjf /o OH 

R— OH 

D 9 CH i“CH r OH 

Primary alcohol 1 

— ^ — . 1 1 hand 


S'tonp. is directly ottoched to one 


°r ,fic> aarhon 


f-\ nje . 
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ji [g- Elhcri m tiiWffH- < >■ hhJ-sJit- t rftrrot lirHiirf l J ufi ti 

w-. ^r" ^ |,|, ■ 

, 61 dS*« dffftro[OHafJ()F 1 

The fentocci of - proton f H j /rorn mofecule. or on ion, /omairrtj its co ni l ; go Ce F 


r:' deprotonsfii; 


2ROH + 2Na 


RO Na 


Sodium alkpxide 

fhe alk oxide ion (flQ ~) is the con ju gate base of alcohol (ff OHl 


Irjf m What is A reagent? 

A reagent is o compound or a mixture thm is added Jo a system io cause a chejmtarf reoctiQj? or fes. f y a 
reaction occurs 

e g Baeyer's reagent is dilute solution of KMnO t , It is used to lest the presence of a double bond, a reac L ;- 
y.-jtfi a double bond to form a glycol. 

lwr 


PHEJVOLS 


tifiROOUcrio 


Aromatic 1 compaundd etoUaJj-afiT^ one ar FaaOre OH groups* effr^Cdljl sfiacfi-erF with carbon oj benzene ring, 

I aft called phenols. 

™ * The simplest example phenol is also known as carbolic acid, t.e., C 6 ]i s OH It was first obtained "ocm r. 

lai by Range in 1834 . 

t phenol is derived from the old name for benzene (phene), and a suffix (ol) is added to it thoi indicate^ 
the presence of hydroxyl group. 

* Brief information about phenol. 

First prepared by M e ' h no pi n t — d J ' 1 C . Bo u i n y po r ri r = i > 2 C 

Simplest example ofphenof is Car bolic ad d fCJ-fj OH); 

* Phenols can be obtain*Oa substitution reactions., with the hydrolysis of diazornum salts being the 

most important laboratory method, 

* Phenols are acidic and are important intermediates in the preparation of atyl ethers. C t Hj-uK 

__ — 

NOTE The word phenol (CJi^-QH) is often co nfu&xl urith gjren^ [CrJldJ 


'kc 


ease 


>YOMEJVCLAr£m 


In common system alcohols are named by addin? the word 'alcohol' alter the name of the alkyl group » 
which the -OH group is attached. 

OH 


Phenol 


i.I-Oihydroxybenzenie 1 j-Dihydroxy benzene 
(oHydroxypbenol) ' tm . h yd roxyphe irol j 


(Catechol) 


{Resorcinol) 


i-Ntfophunol 
^ (^Nitfophennl) 


1 2. 3-Tri hydroxy treri?nne 


i 4 Dihydroxy benzene 
(p-l fydroxy phenol] 
(Hydroquinoner 


3-Nitrophenol 

(m-Nitropherwl) 


2,4 .&-Trinilropfoenoi 
(Picric acidf 
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zifiid Eltffc? r j 
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- a. 

a*- ■ 


■“'"■■■-■ 3 - : r : "“P consists o: an 0 atom bonded to an Sp*- hybridized aromatic C atom ; 

■ ”-Dor.ds .<- 

" - ‘^'- - r: - "crtss ate polar due to the high electronegativity of the 0 atom. 

55 as" an unshaded electron pair on the oxygen and the aromatic ring, 


' " ■" -’ : '- - :s -tmpie aleohois, the phenol shows following properties 

a tv-.oner cartoon-oxygen bend distance 


a more basic hydroxyl oxygen 
e *---.: hydroxy! proton -OK 


SICAt PROPERTIES: 


^ 15 3 c ' > i ' r ' es& - crystalline, poisonous solid with characteristic phenolic odor having melting o?i-' 

- ar.c bo:..ng point 182 C 


fUt ' ^r r ' - r - -- rj!e: forcing pink solution at room temperature but completely solubl 

OO.D'C- ' 


e aooi . 


^tb.' it poisonous anc causes blisters on (he 


Ef sxin. 



-C 


* *• ni0re “ 14 * (PK.- 10 ) than alcohols fpK ,= 16 - 201 . but than taAtoxyk 


Phene, , ioniaes in waier as 

Off 



O' 






h 3 o 


'tZTn i,J " “ ^ to electron de.ocalizatlo J 







When cm ether solution. n/ either ta*OWfc*j 
dite fwse f sodium hydroxide ond srjdium breorbr P C ' n ° and cart nxy/rc Kid te mixed uK 

organic phase flweous phase and can be separated frotf ■ 


* Nucleophilic 

substitution reac lions ofohpnnk n 

phenofate Ion Isa betler nucieophlle '' ' 98 V c;irrit ' d basic conditions 
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iUBSTnVE^T EFFECTS ON ACID ITY 

--- Substihicnts can great :y influence ihe at .ci of the phon ■: t:.;o :o re--., 

the groups located onto or per-:; to the -Ol \ group gsrc-^r.y eiicv :he 
* Electron wilhdrawing groups -cnhar.ce the acidity 
i Electron donating substituents decrease " c acuity 

e g. Thc7v so nance St ah i ! eta tip n of o -:v r : oh.,- n o! .> sh n he u 


1 1 . c and 01 mduc riee cried* 






l 

I 

i 



Compound 

pKa 

Compound! 

pKn | 

Phenol 

iO 0 



o-Me’hoKyphcnol 

10.0 

p-Mi?:h xv. c ' • ■ 

10.2 

o Methylphend 

10,3 

■— 4 

p-Mctnyipfc: :i 

10 3 : 

j o-Chlorophcnol 

8.6 

p-ChloL'opheno! 

L 

\D 

4^ 


PREPARATIONS OF PHENOLS 


Summary; 



S*[ NOTE: 

■ The first three methods are primarily industrial meihods, 

* The hydrolysis of diazonium salts is the most important laboratory method. 








^ . 
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C Vff.' ■!*<■ j r.h-r 'll it. r 


■ V .-■• 


i f 1 _ v • y \ . , u, 1H, yields ph *nol . 

sulphonaie on fusion vutn strong a *ali ■■*■* ■ 


CTION OF BENZENE 





NaOH 

300 : c 


Sodi rnn ben/ ene&l uphona'e 



H-SC-, 


Sect i u m pTienoside 


OH 



Phenol 


• At var; hi a h igii :c m pc r alu r e s id e i *i x Horn also < X cut 





Ch>:riV:^:vv::,vshvdrdvMd by healing witNaOH at 360=0 and under high pressure. 


Cl 



NaOH 


360 °C 


Qlsla 





OH 


HCI 


-NSCI 





QJ ACIDIC OXIDATION OF CUMEA/1 


* Ll is recently developed commercial method for the preparation of phenol. 

* Cumene oxidized by atmospheric oxygen in presence of metal catalyst, into cumene hydroperoxide 



isopropylbenzene Isopropylbenzene hydroperoxide 


{Cumene) 

• The hydroperoxide is converted into phenol through an acid catalyzed rearrangement 

O-L 
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V P REPARATION OF PHENOLS FROM ARYL DiA 7QNttm SAt 


+ 

N 





H -0 H. SO. 
IOC- C 



Ary i dtazonium salts can be converted inn; -;-ht H : ' ! i 

Aryl diazoruum salts are prepared bv. ri ot a nines u " r ;s acid, i UNO- 


um: 


Phenols are very Teacnw :o\ta: - ds elecirt^phil-.c a:om.jik subs; 

* The OH group is an ortho ;inv. : -i ■ • : . ■ : i ] ■ .... p p robot' l* 

* The OH gTOyp is an cUrctTOn donating group ar.d >: donaus olccn . to ilie benzene ring fhus, i: 

activate* the ri ng Hi?ru:e. mild conditions are needed ti i phar.- : For vnvv 


REACTIONS OF PHENOLS 


* Phenols are very retjciivij lou/ards electrophilic aiocivilie yjbstituiion 

* [[ is because the hydroxy group. -OH. b o strongly ac:;v«ilii:;i, ort o- ; directing substituent 



OH 


OH 


OH 


b + 







+ 


E 


+ 


IL 


wlho - 


* Substitution typically occure pore to the hydroxyl group. H the pom position is biocited, then ortho 
substitution occurs-. 

* The strong activation by OH group means that milder reaction conditions can. bo used lhar. “hose used 
for benzene. 

* Phenols are so activated that poly substilul inn can occur. Tne polysub^-titution is rs pi obi em 


Hrartirtil 

Phenol 

Benzene 

Nitration \ 

dil. HNO-v i*{ H ?0 or Cl i.:.COJ l 

HNOWHsSO, | 

Jjyjfonatiorl 

cone. HiSO; 

H^SOd or SCb i H iSOj I 

Halooenation 

x 2 *_ 

/ Fe or i r eX^ 

Alkylation 

■ H ' or RCI - AICI 

RCI/AIC, 

Acylation 

RC 0 C 1 AICI, 

RCQCI r AJCI , 

J — 

Nitrosation 

aq, NaNO s P!' 

- 


Some of these reactions are given on next pi ige 


%•# * - t- »• ■ *■■ *r m *~*L X j ■ t 

-W— —■ -* t J Jk ... . ■b»fci r mFm.- J i> .• ■*“ 

-f J -ril v 'All «. * J- • ri 3^ A f -f Ali 

£■ p—Jlir. H , C . 4 JrW* ■ -r. 

. ftjr t , J, v-y 
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SOME USEFUL ELECTROPHILIC SUBSTTTUION REACTIONS OF PHENOL ■_ 


mtratjon 

Phenol reacts with dil HNO 

OH 



2SC 


2 ll J + 2HOWO, 

A 2 CJil 


P h e nol reacts a il h c o nc HNO, ic ■. ;. ■. . 

OH 

k 



+ JHjVOi 


cone 


OH 

Oh 

^ NO 
+ 

L .-A 

+■ 2 H O 

[ <f ) 

l J - 

-I ■■ . -_ L 

l-opherisl 

L TIC ftC id 

NO, - 

* 

f-,_ ¥ p — pj.0. ■■■ ’■ 

OH 



.WOj 

+ J H } 0 

NO} 

2 4,6-Trinilrophencl 
Picnc acid j 


SULP HO NATION 


- Phenol reacts with cone HjSOl al room temperature to give o- and p-hydrox^berttenesulphonic acids 


* At 20"C a - isomer is formed in greater percentage, while a? 100 C. p-isomer is formed in greatc 
percentage 


OH 



OH 


OH 


+ 2 H;SO< 



SOjH 


2 - Hyd rosy ten^enes-ul feme aci d 

4-Hycf rox y benzenesy I tonic acid 



HALQGENATION 


hJ° ^ Vu) ' V 7 


Aqueous station of phenol resets wrih^omjne waterjo give white precipitates of 2, 4, 6- hib rolltop her: 
This test 15 used for identification of phenol M 

°* OH 



+ 3 Sr 


HjO 



+ 3HBr 


Sr 

2 . 4 . &-Tri brom ophenol 


* When Br, is reacted in anhydrous solvent like CS,, a mixture of o ^nrl r, k 

* mixture ot o- and p-bromophenolris produced 




OH 
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An *a± 
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mmm -• 


CM 

I? 


# j f P*w»oJi orwJ MJi*r* 


TO 


Cfriir,-r Chr< ‘in ffJrmi B.f^rrJ Palt-It 


^Taction wt th s opium cakboxylattom of phenols ikqibe-scwiitt rhachon* 


* j l fjttit -2 J 1 : Eifp/pJri fi/rbcjna^on ufphfnrjfi 

jp==-— — - — r > ffr a >4 ^ ft 


. T7«r reaction of sodium *3.': . j phe - . :-■ 'Q. •■,■ - L - ■■■ ; : ; .-.:? r\v-.;r-cv; o' phc^o/ 

t .\; |ou ternjVrrrtuiv vx 5 iun .■ •...!-. ■ ■ jtt • ,\. J , u " ,■ .it '"■.g'w: [LMllpfiAtUTC 1 

o- product isomerves lb p-iscmrie: 


OH 



-H,0 


NaOH 


- + 




COONa 



* Cait>on of CO. acts as electrophilic centre in this reaction Acidifies Lon of she ■■ i- eves corresponding 

hydroxyl acid 



HCI 


COONa 


+ NaCI 



. E . ! 

k\ 

b % / 1 

' . 1 rm 


V l i- 


Oxidation of PJienofc 


1 Phenols are very reaciive towards oxidizing agents. 

* The oxidation takes place through several steps which finally destroys the tii ig 


* s n&iM^ !fc ^ M 


;:\. L * > “■ ft** ** t **^*» 
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B. a . t Ji .h - « | -•. 
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difference between alcohols and phenol 


■ v main, ddEew :'C(? between alcohols at-fi phenols ;ye as foiipw: 


/. 




■rye as roiipw: / 

(y > v p - 


i / 

Tp—I 


i i 


4 

* 


The compounds in which hydroxyl group is attached to an alky group 
Alcohols are hydroxy! derivatives of alkanes 

The compounds in. which one hydrogen of water is replaced by an alkyl group 
The genera', formula of alcohol is R-OH. 

Alcohols mu y be monohydric and pclyhycric depending on the rum ter 
Lower alcohols are generality colorless liquids. 

Alcohols nave a characteristic sweet smelt and humming taste 

They are readily soluble in water but solubility decreases in higher alcohols 

Alcohol reacts with other reagents in two ways, either in which C O bor.d brea in- 
breaks . 


croup: 


or :f: "iCT. 


* 

* 


The compounds in which hy droxyl group is attached to an aryl group 
P he note are deri vats ve s of be nze ne . 

; ne compound? in which one hydrogen of water is replaced, by an an. group 

414 

[ he general lormi.i a cr phenol is - ft is also known as carbolic ac:d. 

Phenols are not monobydric or polyhydric. 

They are colon ess. crystalline, deliquescent solids 
They have characteristic phenolic odor. 

Its melting pom: is 41 'C. 

Phenols are more acidic ipKylO) than alcohols ;pK,#16 -20). 

:: is sparingly soluble in water forming pink solution at room temperature hu + corole*e'” so 1 ' ble ? 
683 C ' ¥ 

P he no .a re ions nave resonance structures bur alcohols don not have such type structures. 


QUICK QUIZ (2) 


(1} How nvgatfue charge of phenohite tan Is stable? 

i he negative c.wje of the phenolare ion is stabilized by resonance due to electron tie localization q«iq ih 
benzene nng as shown below: 







( 2 ) What Is acidity order of phenols 


[ iron wilhclm wr.-i groups menaces the oddity ol phenols while electron withdrawing groups decrease 
the acidity of phenols. r 

Tim-, nirrop: tends are stronger than phenol while methyl phenols art weaker than phenols 

So. with Lhe;e phenols the order is N re acidic) Jiitroptenofs > phenol > meihyJ phenoJ flws addle) 
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jj I UfrypbtTiak ore very reociiue fminrdb dcctmpJiJfJc aromatic stth?titwtlvH 
t phe noli are very reactive towards elec b ophilic a rorn atic su bstltu t ion 

_ i -— 'll J .-'ii hvs ic -a. in ji n! Ji n ivir'A .4 I tin -a. a 


C'nMfgf C'hmitiirjp: Trcfj J'iJ/ iinjor iJ Fait-h 


t Fine noli are veiy react ive cowaras eiec w op mice arom a;tc sli bslilui ion 
4 The OH group is an ortho- poro- director therefore it produces o. r rho- poro- products 
* The OH group is on electron donating group and it donates electrons to the ben, 'em' ring. Thus, it 
activates the ring. Hence, rr.ild conditions are needed for phenol than that tor ben re no. 


fflj Expfcrfn carhonution of phenols. 
Page 


^ jUfeohofs and phenols both contain -OH qfnup IV ft at i$ difference ijeti lucoi lAfin? 

In alcohols the OH group is directly attached to an alhyl group hs general formula is ETGH 
e.g, CHj - OH I'Methcmo/J 

In phenols the OH group is directly attached to an aromatic ring Its general formula is Ar-OH 


eg. 


/ 



OH (phenoO 


(6) Why phenol It more acidJc than ethyl alcohol? 

The anion of phenol is stabilized by resonance. The anion of ethyl alcohol cannot be stabilized by resonance 
Generally, greater the stability of anion, higher the acidity. So, due to yi cater stabilization of anion o: phenol 
it is more acidic and ethanol. 


[7J Whai fiapjtens when phenol li heated with zinc dust 
Benzene is obtained by distilling phenol with Zinc dust. 


• 4 H \\ 



+ \ ZA 

» ■ 



ZnO 


Phenol 


i 


W 


What happens when phenol I# treated U«ith friwiifirc water? r , 

Aqueous solution of phenol reeds with bromine wider to glee while prenpiteitos of 2.4 tvivibromopncnoL 
The red colour of bromine water is discharged. I jus test Is used for It enti i 
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tH # IS Aii-flhHjri, Pfrer-tiK nnd 


ETHERS 


The compounds fn ufr/rfr both hydrogen atoms a/ water are replaced by (iffeyf or nryl groups Ore ca/f* *, 

ethers. 

These have general formula R, - 0 - R z 

Where ft, and fL lire rafjcyf or ffryf groups 

Et hens are classified into two categories. 

If ft | — R ?r the ether rs called strttple ur iynimL-Jrif rtt ether, e g. (. H s - O - Cti 3 
If Rj * , tht ether fs ea/fed mJxcd or unsymme-irfcnJ ether, e.g. CH 3 - O - CJ ' fj 


NOMENCLATURE 


H) Common System of Namin 


So common system a: naming simple ev.b mixed or urtsymnetrxal ethers ate namns by naming the two grcu;i 
bonded to oxygen followed by fh? word ether. 

CH, 


HjC — O — CH-CH) 
Methyl rsoprop/: 

« S C,— O — CH, CHj-CHi 
Ethyl n -prop > ether 


HsC 0 — CH r CH,-CHj 

Methyl n - propyl ether 


H 3 C CHj-O— CHj- CH 3 

Diethyl ehe r 


Exe rcise Q2 Jix} IVr Jte the nomenclature o/ gfligr by 1UPAC system. 


mjUPAC System 


* In [UP AC ?vi. t . i *i : : of naming simple ■ethers are named by naming ?h@ t-co groups linked to oxvgen atorr. 
followed by the \u>rd ether, c.g. 

CHf-CH-0 — CH r CH 3 

Diethyl ether 

• Msxed ether; are named as alkyl derivatives of hydrocarbon The smaller alkyl group along with oxyp-r 
f arm s 1 h e al koxy su bs titu en t . 

Examntes 


i Z 

CHj— CH — O — ~ CH — CH- 

1 -Ethoxyethane 


ch 3 och(ch 3 ich 


CHj-0 — CH-CH. 
I 

CH, 

2- M elhoxypropane 


CH— O — CHj-CH— CH, 

l-Melhoxyprc-pane 


ch 3 

I J 

1 2 

CH r e — O— CH-CH, 


3 

CH. 


CH, 


j U! t 3 

2*i so-Propoxy-2’m ethy I propane 

ch 3 
\ % 

CHj-O CH— CH— CH 3 

1 -M ethoxy-2- m ethylpropane 
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PREPARATION OF ETHERS 

fl| ,j JIMS nx*^ v x r r t^ 




R O.^ ^ Sa - R 


R 0 — R 


SjX 


"■ *» “ r ‘ V - “ u"‘ 

* ■‘iA ,%T*» ClX '■ 




\ R OH + Ka 


" R 0 S 


f *■ 

R X 

A 


: R — ONa - 

CH^-QH + Na 4- CHj-CI 


R — 0 — R - \y< 


ch 3 -o -CH , r \i 


2 FROM ALKYL HALIDES AMP SILVER 


- >_K5esa.v -vaic; - 1 “ 


v-= 


R“X 'v. 

v ■- 

•t _ _ , M 

+ Ap 0 

R — X X"' 


R 


\ 


0 + 2 AgX 


R 


CHt - CH 5 — a 


Ago 


ch 3 — ch 2 — a 


CH_— CH, 

0 

CH.-CH. 


2 AgC! 


Z e" ■ e 1 


W By D<%j(*T3iion o/Afcofeok , . r -. r ■ . 

B> h«atL!>g excess of aJcc-Kos vvT^h concentraT^c h •--■ 


CHj-CHi 


0 + 
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C * * J S Aic&M*. PhtTnofs nnd E ther* 

* Primary, alcohvh react ibrougfr s^2 mehcanisrn 


CHj-CH^OH 



CH—CH^-pH + CHj-CH— O — H 

i 

H 



Secondary alcoholt react by S^j-mecfianbni 

.+ 


H 


ft 


CcJ^i'Jfs 1 f /ii'rrli’-rj', ' J d'cJi'rcrf thuird J 1 


CH-CH r O-CH r CH 3 + H_q 


I 

H 


CH r CH r O-CH r CH 3 + H-0 


vn-vn-gn 
1 1 “ 

0 

1 

-o 

1 

-o 

] 

X 

^ CH—t 

^ CH a 

1 u 
ch 3 H 

C 

fwpropyl alcohol 






CHj-CH—OH + 

CH— CH — ► 

5 i 

cU 

CHj-CH-O- 

■PI 

X 

o 

ch 3 

CH. 


H 


CH, 


CH^GH-O-CH-CH, + H 3 0 

I I 

CH, CH, 


3 w *'3 

Di isopropyl el her 


(er-fluly/ and elhyf alcohol gtuc one ether. 

Two different primary alcohols give three ethers when, treated with H 2 S0 4 

CH,CH t OH + CHjOH -> CH s OCH a + C 2 H s OC a H s + CH 3 OOC,H 


2* *i 


PHYSICAL PROPERTIES; 


* Ethers are coloHesa, bw boiling, highly inflammable compounds 

• TTwif d»nMl >"•*<* Wd ihcir ability to dissolve late, oil. gum and many oihe, organic compound mate 

them very good solvent. F 

. Ethers are soluble in concentrated sulphuric acid, a characlenstic of oxygen containing compounds This 
property is used as a test to distinguish between el h eirs and aatura te hydrocarbons 
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CH U ' A^oAuf*. Pfi^noN and Etfcrrt 

SSSEBSIESHZESS 

The image shows the electrostatic potential for dimethyl ether. 

The more r^d art area is. the higher the electron density and the more blue an area is. 

ihe lower llw electron de nsiry . £ t §, £ , '• 

The etheral 0 atom is a region of high electron density [red cue to the Lone pairs % W i T* 

Ether oxygen atoms are Lewis bases. _ + V' m 

[jke an afcohol -OH group, the -OR group is a poor leaving group and needs to he 
■ H n converted to a better leaving group before substitution can occur. 

2.. »■ . . -_J. ■ w-i. J-.L-+ B- 1 . + wiC* r"-l! i^v-n f-ik$ O-thldiinG ic their rloAi. wnfl Vii / 


The most important reaction of ethers is their cleavage by strong acids such as HI or 1 iBr 


, ttFSl STANCE TO OXIDATION 


*■ H,c 


Now etfiere show resistance to oxidation? 

Ethers are resistant to attack by the usual chemical owl: /mg agents Moreover. - 1 ■ ■ 1 ' 

f ar d acids have no action on ethers. 


,2.1 REACTION mm H-Bff, 


The oxygen atom, of an ether molecule possesses unshared electron pair, u.r, cn. accei ■■ a portioi. oi • ° 

foim oxonlum ion. 

, R R . 

r« l \ / — ^ £+ s - \* 

q: + H-Br — - 

/ / OKcniuir iso 


H 


Br 


R 


No further reaction lakes place. 


b H : 0 


A species with tduu/enr oxygen ^ : r"‘ si: ue 

charge on oxygen o-O'n is cca'i'cri ;n otonium in pi 


3J REACTION WITH ii-l 


The oxygen atom of an ether molecule possesses unshared elec tro n plat. wn ich ac ■ : • a P T - "• 
form oxonium in, which reacts with l to form R-OH and Rl 



\* 

O — H + 

/ 


R 



R“ — i + R-O-H 


ms** 






rids- 


n 


JfeffiyJ e(her reacts uifth Hi (a /arm C^-OH and CMJ. 

C^H S 

q: + H— I 

/ 

C,H, 


CiHs-l + CjH-OH 


« 


m 


iM 


,j ‘ hi - •* „ ■mw+i *.•#»» B| 

■— * 'j _ ' * • — »•• -»- •. t . T 1 r lftf ^9 

: *' ^ l** , -> * 7 -f 'JJ.TjT. W" 

. t 9 l l iri> 
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UiCK QUJZ (3 



U 41+ihfl +tt.r* pt+p'ir*4 In r>.* /vv^r-vi^r, ' 

O# + Na - C r H— Oha + J W> 

J ^ if j *■ 


/ 


H. + 


c H ON* 

m n 


C H, 

J S 


/ 


C I H r O-C,H s + N»X 


Jfi*?' f r - ' ' f - ' 


f/y Wh^J 'JF*- t^rpmFrffrd tittfi i/flt f ri,fm~trtr tjl rtln'ri? 

tk,i‘ r */ff\jjfri/tiri r . t ' n j^,rr. ) rF • of UK.'I«T 'J'«- fpp'.W.*. -'J 0> Oi’fey’ Or aryf flTOLfpS S r B CC-'J^d efh«r 

1 • A tv i^T.rr-ii *',rrr 4 H, O H, P 1V> we rV cr.rj r 1 . 3i*e c.'Jcyi cr aryl' groups 
* + i If Si fi t flu- t’iS *‘t Iq ttiUt't* ■. i r r ,(/!*' f t r <• >‘ir ' r . t;tf .*:t t 7 CHj — O — ij 

1/ If, X (lid-; rtfli'f ^ r/jif/irj ft,t/*vS <# ut;\Wf\rn*'trvjx *!ih*}r r. 5 CM, O - CjHj 


(?) Wimi 4 WNjjMMit'JM'* *^dft**f*? I" tv -’ Tfitrlh^/J of jjf^po f r'Ti or. cJ k*.b&t r t 


C H 0/f + Nfi 

/ 1 


“ + 


C^H-ONa + j 


/ 




G H ONii + 

J fl 


C, H 


3r 5 


ft 

X 

>1 


C H — O — C H + NaX 

/. 5 2 5 


Diethyl ether 


SOM! IMPORTANT CONVERSIONS 


IH Miihititvf tntv rttwrvt 


m,c ow 

+ 

HO 

l 

CH 3 Cl 

+ HiO 

2 CM] Cl 

+ 

2N* 

olher 

— - — *- 

MjC— CHj 

+ 2 NaCl 

MjC CHj 

+ 

a 3 

light^ 

W 3 c — C H 2 -Ci 

+ WC( 

w>c cm 2 -c; 

+ 

KQH 

pquous 

W,C— CHj-OH 
ethanol 

+ KCI 


0 


c 

c 


H S C — CH r OH + Hd 
ethmvol 


ZnCI ; heal 

— — *- 


H 3 C— CH 2 -C! + HjO 


H,C - 

CHj-Ct 

H S C 

CH t 


aqueous. 


DO, 


H 3 C=CH t + ra + HiO 

0 


> 

W C — H 


N| Zn / H a 0 

UAtH 4 


2 H— C H 

formaldehyde 


H}C—OH 

methaftol 


ife 


Sc 


ii 


E 
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cff # J-S: A*c*hoJ*- PI^JW<* on,:l 

j^jjjl gcftormf Jnici te^pro jH 'i gfcofrof ^ 

KjCfjO, 

C Hy—C H + W;0 

Ace(siSeh.yde 


CH^CHi-OH + fOJ 
Eflianol 


H,SO, 


1 « he- 


art, 

\ 6 + £~ 


"b i' ^ etK«r 

CH i —Mg-Br* / C=^0 - 

H ’ 

Acetaldehyde 

JJtil ElhrmflJ IrtHn'CfHff JilClfll'J t-lJifr 
SCj^CJW + 2Wa - 






L 

H 


H 


— ^ CHO Mfl + + Wj 

SoOuirr- ellWJtKle 


C l H H 0 ^ H + 

Sodium Rtlwx^de 



f.'JiV S c L' Jl IT -H : f n rrv JW 11 F'^-.M 


CH, 


c.Nj— ^ — cy Aiea r ~ — *" 


■ 0H+ XI 


/ 


Sr 


"-Propane^ 
iscPropyi a :c'iol ) 


OH 


CHj-OC^Wj 
M ethyl e!hyi ether 


_p Wafl/ 


fuj Etftyf fllcofirjf lorihyf ftiriiiii? 



CHi-CHj-OH + HCI 
ethanol 

CH 3 -CH 2 ~Ct + Nal 


ZrtClj J heat 


aqueous 


CHj-CH,-CJ + 
CMj-CHj-r + tfaQ 


SOCIETY, TECHIVQlQGY AftD SCIENCE 


1 . AJVT/SEPT/CS AjVD PJSJJVfECrAJVT S , ... ., -■ _ r 

r^itoptics and disinfectants are an essential part of infection control practices and aid in the pennon of 

. T^arT «leltivd™iiicd in hospitals and other health care settings lor a variety of topical and. hard surface 

. ^variety of active chemical agents or biocides are found in these products many of token have been 
used for hundred of years for antisepsis, disinfection find presenjatio-i. 

• In general, biocides have a broader spectrum of activity than antibiotics. 

• The widespread use of antiseptic and disinfectant products has promoted some speculate on the 
develoDfneiit of microbial resistance, in particular cross-resisiance to antibiotics 

• Anti microbial activity of antiseptics and disinfectants can be influenced by many factors e.g. formulation 
effects, presence of an organic load, temperature, dilution etc. 

AnltKpfics . Qrid develop men 1 of m icro orfffin is ms 

. ^ agents L application to shin, mucous membrane and inanimate 

• SKlbS* "cleansing 3 ^ <*» W"V ol sk * ^ * 

irSel^r s^ieal pr^edure and routine disinfection or surgical procedure and routine defection of oraf 
cavity as par of oral hygiene. 




r n # m ; rJ . 

til Kin ft - f tfinlft 


lp ‘" ; |r,rf v!-, r :«^i by i-bfen who :: 1 reduced c-'- bolic acid phenoJ) as the first disinfectant 

P,/ ‘ ' 1 '“ r! - V • in !■ e health care. food and pharmaceutical sectors to DT-even r ui 


I. food and p 

mr m or^,ri;vf,-. from cuhjnc di'^jw 

\ .n.fc - 1 1 .-i r , ■ . f.hcrnmai ■. dispjpt significant cellular structures 
oi^anisrn 


ent LiiTJk^y-K 

or processes in order to kiJJ or eliminate r . ■ 


vV 


2 i ftil ll - AN EFFECT! Vfl ANAESTHETIC 

F^.forpr the advent of anaesthetics, surgery was a savage and primitive affair li was agony forThe patient 
wen? therefore only prepares! to operate if it was absolutely essential for example She ampule 
j ti t ,j.h,i'.r'r, lirnb i.' -it wo ilb nthei become gangrenous Anaesthetics enable surgery to develop 
'.i 'He reentry \- t H prevail cophi sljcnirrj Jorm . 

Three of lUa mpfll I important early anaesthetics were nitrous oxide! di nitrogen oxide, NO). 
elhoxyei M (M y (If/ 'J f/X H.< M , and chloroform (trichJoromelhane. CHCI J Nitrous oxide is* non* ’ 
' m ' JWI l™™bl e ( but II only produces light anaesthesia. Chloroform produces deep anaesthesia 
" vin I|IJ| ir isio/K aorj ( . inri rim risk of liver dam aye 


and . 


KEV POINTS 


* 

* 

* 

* 


I 


M Oh ok and phenol , ,.«■ hydroxyl derivatives of aliphalir and arornnHc hydrocarbons 

V" u » i<OI I for Hienol PhOI [. and for other it is ROR. 

^ 'll 1 - 1 narjberl by u-pU ieu; <■' fro the Alkane with L o|\ 

J r i 1 1 1 1 a ry < 1 1 f c j | if 1 1 ’, can be r ;x id l/s ■( 1 

Setorirhuy alcohols ran hr ox id i at I to kr tones but no further 
J 1 'iiJrHp; ,Ji ohols I'annol Mr oxidized (nr.. t rirbjnoL (' ll; 

I!"' I 1 "' 1 ' [ll, “ ,“•">* o( <« * «*» bonded to » C atom and a H atom via „ bond, 

\!Z% '*** ™ ,h * *"•» *• « 20 ). bu, acWk- than 

J poxjdoH mr uioie n-<« live than simple etheis 

[■' |MPAr •'V'b'iri. Hhifis are mimed <k alkoxy derivatives of alkanes 
n i iNiha-.l fu all ohul, etllei I (Hr [airly llr'ii I at' live 

•<***> «**• t*>'iioh ,»< sparingly soluble- 

Sx-'iiil.s r ( „ Is I! oil suhiJ,. |,„ ,,, A , [ 

, ; vl 11 |M1 ' l ,l< ' v « - 1 1" b" i'*relk'nr In, -I r„ r 

I ""'y' lllsl ,,,,,1.,..^ 

I 11*1 IS nbn i, nuns l.,s wine-, | llW i .mdwlnsk^ 

1 ue| Oil mainly conshlx a! aniyl c ,hol ft',J I, ,01 1} 

‘>lj% nknlml Is known lnli ,, rll ,| ,, lco | l0 | 

, I,", ' M ' ,A " ’ ! 1 omint-rt ial roahntsW MMi fiv.-u- 

fooni^ mikd tooth ^ m vanishing creams, body lotions shaving 

Kiki-lile (pbvilik ) Is phenol 

limns il hsUMsf as stalling itiateiinl fm iIuhk * u .- h ^ v 

dgvs ■ "I*”"- Phi’TOlphlhak’In nnd s .-vv, a) odw 

I Tit'ihyl I'Mn Im> 111', -..-a III sunvty lm ntun-stlhsi,, 

t yclii etfieiN mu' knawrwiN r‘|x»sides 
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I : Select tfte ff.qftt answer from the choices f?Jt>en icfif? each attest ton 


I, il'htefi coprtjSOHrid ■* bores hydrogen fi mm liny? 

L ^- ' ,,a) QH fc (b) Q.B.C1 (c) CM,-0-CH. 


2. WMch compound J.f called a unh.-rrsrrf soJi'cnJ? 

ii.H<D (b)CH a OH (c) C,H -,OH 

J. According to Lewis cortenjjt ethers behave, as , 

[a] AckL.. _ .__ " / ” {cj Acid as well as base 

? ,1,... 4, £ttia^l can be corttTfcd inta^hanolc flefrf bjt \ , 

(a} Hydrogenafton fb} Hydration (TdlOxid atjon’^ 


lews 




5. ftfitmof Ts dennlured by adding: 

CTaJ methanoL._3 .lb} Carbolic acid v - 


i'l; Acetone 


6.' WTiert phenol reacts Nfil.fi CHjCOCf rfitf product/omfCEf E-sr 

l' /: (a'| EtheT T6T Alcohol (c) Aldehyde 

thesis : 


cl .11,01 1 
Ld; G!. -0-0 I, 
(d) None of them 
Id f-’emientosion 
(d) Propnool 
ifii Ester 



7. Wnffa-msons synthesis of ethers is superior to ufcofioils because if jnukes 
(a) Symmetrical ethers (b} Asymmetrical ethers 

[cj Ether at room temperature (d)-Both symmetrical and asymmetrical Ethers. 

S. A methyl phenof is also tuifcd V 

fa) A ere sol ' ' (bl Benzyl alcohol (c) Alcohol _ d] Formaldehyde 

9. Wfhfeh one of the fallowing compounds does not contain carboxylic group ’• 

(al Acetic acid ybl Formic add fcl BeSitbic acid f_.c -henc add 

10. Hydrogen bonding is maximum In 

la) Diethyl eihe t C (b ) Ethanol { c ) Ethyl alcohol [6 1 Tr id I lyi amine 

J^T Which of the following compounds he rue no attraction cri afl ixiJch water? 

Sfa) C 4 H 4 (b) OHr.OH (cl Cl [jCH.CH.,0} 1 .d* Cl 1,-0-CHj 

12' panels ore more acidic than alcohols which statement rs correct? 

(a) Phenol tarns bhu litmus paper red (b) Alcohol liberates CO, with ceroonale solution 

. i- _ (c) Phenoxide ion is stabilized due to resonance id) Alkoxide inn is stabilized due :o resonance 

>V ' 1C *' 13. Carbolic acid is treated with dilate nitric acid at 25 a C, the product is 

tsT^ifropbebol (b) p^nltropbenol (c) m-nittophenol 

14- Oxpni-um ton Is formed uifien 

la: Ethnol reacts with Na metal lb) Phenol reacts MaOl 1 solution 

jji-FfhBf is (reared with HI Id) Ethanol is treated with aq. NaOl 1 and iodine 

I/jf lAlSiyinltrOpkonot is 'toaimerclaily called as 

WTNT It: Picric «cxl Id Catholic acid id j Funrenc acd 


ones 
- 16 ■" . 


(d) Both <r and b 


iiiii hi mu 'ini ii 

C^HipH shows hydrogen bonding, since it contains n. &to i 


ANSWERS TO MUITPLE CHOICE QUESTIONS 


jjl IWs 1 ii Jf^ ri M t ■ : j.- i '■■' | 

H.0 is cii'Jc-d as uniuertai s^Veill since it can tl^olve ■ 
iiiYij.e nLsnrbei of chemtra'. substnr ct > 




According w Ijewis concept, a base is defined n- ' C.ki inm dm' 
Donor specie. Since ether has lone pair's nf elections on 
OKVjen aiom . (R 0 - FI), so it can donate lhe»c and 'bus H 
jan Isehavu os a I .iwis hfisir 



|mi^ L | a n oT K ^ dri-^t Ii ( Tk r drinking. 


ii i Ans:(d\ Buth stmniPtrical an d ftsymin glrtcal etbert 


iai] ■^TiTB p |i tn i ii m i - w 1 1 > ^ ■ 1 1- m ■ ■ ■ i ■ n ■ i ■ ■ ■ - ■ 

Williamsons synthesis '.i-scs an allrtO^idc M^d ,:1 1,1 

Thus, both symmetrica! and ^symmetrical ctlieifs can be 

prepared- — 


Ethanol is oxidized to ethanol (aceta dehydel and finally to 
alhanotc acid (acetic add} with owdiring age^s iw h 

KjCr,0, ■ S iihO, 


full Ann fd) Efltar 


Ph-OH \ CH,fDCl 


> CHjLOOPh HCI 


fui it) Ana: (al A cwwl 







tar 


13 ' 


IT Jirfjr -* Ar- I 


fif v : 



i ^ r?p: 


j+ .-*A4 nr 


ff uf 1, tn- f 


i-a'“ ’ - 


*--:•> • 


J •. ■- 

» 4 * 
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|JI H har #t iiffjio/* ’ HdU art ifivi. U 

TV - p#v.t-' rt ■*'Mp(?-Ljr' is 


v i! ii / 1 an . 1 




Pii/l+^j+r T 1- ■' 

fti-COhoi 

Oa»jflfpliiirt nf Mi'nti/ivrfHr 4fc'tA(?fi 


imng one -OH g» 
cr.T’Siir, ntf two or n 


iiL-ont 


rf known poh 


M CKV ^ ' ’ r •" . V - 3 «lfV' 1 ! • \.Mi p ' J»; 


hwj § JS.I 


fi- P* >--. jry . , hy-i 
in fhcSr' fork,’ 


J !!--ree 


1 ■ ■ rf ■ _ 


' '' • r s ; . i ic; nt' or no < orbon atom 


CH r OH 

k 1 ?! ~ a . 


CH— CHj-OH 

Ethanol 


CH-CH-CH-OH 

H -Props'’ d 
•'••r.-'.Pj a! coho* 


(it) Secondary oJcotots 

in :he*t\ carbon atom attached to OH group ts d:.n?ctJy ott^oVd [o fu?o carbon atoms. 


CH r CH-OH 


CHj— CHi— CH — OH 


2-Propanoi 
CHj sec £: -cp, s'cc-oi' 


2-B’jtanoi 

CH 3 • set- Butyl alcohol) 


fJ/Jf T&tkrry aic&hois 

In these carbon atom attached to OH group, is direalp attached to three carbon atoms. 


CH 


CHj-C — OH 

2*Melhyl‘2-pr&pano! 
CH 3 ■ ter- Butyl alcohol) 



riff 
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k ^0 IS: Aicahd*. Ph*i n()(s ipmj fp/jcj-j 




CuUegt CftffnJslJy: Federal Bnard: Pnri-tf 


Hou; ar£ jnoitohyriHc alcohols classified? 


(ff? hroi^air^ 


Monohydrlc alcohols are classified into [lie following three families; 


fH Primary alcohols; 

Jri these, carbon atom attached to 01 i group, . : s directly affeched to one or no carbon atari?. 


v: 


iVH 




r: r 


CHj-OH 
Melba nol 


CHj—CH^-OH 

Elba nol 


CH — ch^-ch— OH 

1- Propanol 
{jrj- propyl alcohol] 


[l!) Secondary a ion ha's; 

Jrc these, carbon a ton? attached to OH group, is directly attached to t i.jo carbon atoms. 


CH r CH— OH 


CH— CH— GH— OH 


2-Prcpanol 
CHn (sec-Prcpyl alcohol) 


2-BjtaroE 
CH 3 (sec-Butyl alcohol) 


(UT) Teitrary alcohols; 

in these, carbon atom attached to OH .group, is directly attached to three carbon atoms. 


m 


CH- 


CH-C 


OH 


CH, 


2-M Gl hy 1-2 - pro panel 
(ter- Butyl alcohol] 


(fitj 1 Co mpare the acidity of primary, secondary and tertiary_alcoh<jis. 


Due to the electrone gativi ty of the O atoms t alcohols are slightly acidic. 

* The anion derived by the deprotonation of an alcohol is the'alkoxide. 

ROH 4 n,Q ^ KO^+-tL t O* 

* The alkyl groups attached to a-carbon atom decreases the acidity. 

* ThusnJrt friary atcofio! is mole" acidic than secondary wFficFTis mote acidic than tertiary alcohols. ■■ 


jjsj 2*B\t tene Is (lie major product when n-butyf al cohol Is heate d u ifih cmic. E.vpfoln, 


CH;— CH^CH— CH, cone. H z SO, CH r~CH =-CH=CH z + H 2 0 

f ' I Li — 

n-butyl alcohol #/ 

V - _(4 -Butangl) l" .... _ 


The stability of alkene increases with increase in degree of substitution on double bond. \ hus, highly 
l alkylated alkenes aremqre stabler Since, 1 -butene is less alkylated lhan 2 -butene, there] me. under acidic 
conditions, L-butehe rearranges to 2-butene. Hence, 2-butene is the rnajoi product. 


CH— CH—CH— CH; 

1 -Butene 
(minor) 


Rearrangement CH CH - CH „ CH . 


2-Butene 

(major) 
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CH * I S PhtrUsJj ,inJ r if:rrs 


Ccpltr&r CArrtJs.(n,-: Ff-irrat ftnarj 


■\i' : f-'te rhe rntrchoTiisEn cf df/u ifraCi'an of alctih&te 


X 


' • ; ■ c o - b : : n > : • c o : o h c s d «' - . :?/ e b . EL ■=- c - .v • ; t :r. 


CH — Chi — OH 


H 


CHf-CH-O — H 


I 

H 


CH-C H 2 + H 2 0: 

carbocatton 


Sr..e^- 


CHf CH. 


IW 

H 


+ 


H 2 0- 


CH^=CH, + 


H,o: 


.VOTE- T/it i ttc Jfi i srr. fa r t h <f for m a t i p n of fibe rs is ji; f>/r png t 1 2 S5 


I l e Holt uJ?T ^t?u obuzr! fecnrcnc /rum jl-cohni 


3er.ze r:£ 3 cb ta.r. e ■:■ b> b .?:. . " p p her. cl ^ - r. z .:. . * 3 • 


1 1 


s tr\ ' 

A \ j 


+ ^ZA 




+ ZnO 


icii! Alcahuls phiMtl* botft htKe OHjJrpvp byt pbenoif are mar? -acidic ihan alcohols. C 


U - u __:P 


az. b . : pK, ^ 1 0 | ± a n clcohos . ^K_ - _ 6 • 2Cu - 1: b- because the n^a^ive chaps o: ih 


pher.r'alc .;■ .5 rtar iaed cV :«Sor.ance Cue to g '.ertrgn deldci^bz^'i^ i onto the nng. In alcoEoLthece is 


reso -arses a: a • . 


OH 








u x 


«jO 


r-~0 



r\ 










■ ff Ji: Hchj 4j;U y-t~ 'a dij f^r^nJtjgg betueefl an aicobol and phenol? 


"" " Tnese ^'&2--4sP^Ttrsf^d ^:. :ouc^. r- ..,ay; 

* P.-gr.P. C"-SS * ' .:■$ pp: ^ Br s ^a:€r j.r. a i ;;-o! does no* 

_ _—--- ^ : - 0 H 



+ 3 Br 


n.O 



+ IH Qf 


* Akohc ■ r,au^i.>-.e 

# r*- ' f / . es deep parF*e tokxer w^fiTIrgQi white akohd does not 


ffr 

i 4 6-T r brern osneno 
ppi 
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iMKAfHMi PWJ PAHATfiJN Of M 

aOO«swap!''<rrie p^‘ -’■ 


UntVl 


CO + : h 


t . 


150 50<J C 


k,- ri : ■;* .1 ■' ■ 



(J r ■ j o! 


* in this process, a mixture ol CC 1 and Hj .s \ : - *'-■■- '-• 

* These j« then taken to the reason ch " ’’V LC:irt ' • ••• ‘ 

K 

* CO ami H t teftets together :o give methano vapoc.r 

■ These vapours are passed through a condenser to get Lqtnti . 

* Unteaded gases are recycled through oompTv ; .sor reacoor. c 


-..; 200 riln’i 

; r , avd upto 450 


- 500 




INDUSTRIAL PflEPAJlATIQhf OF Ethano l 

Wl over the worid ethanol ls prepared on industrial scaae by -cp 

• Fowimm „ a bto-chemtci pn*«s. ««eh ocean in the presence of certain t*.™ secreted by 

micro-organisms such as yeast 
4 Optimum temperature for this process is 25-35 C 

• Proper aeration, dihibon of solttnon and absence of any presravaftve ate evtenbal conditions for 
fermentation. 

In Pakistan ethanol is prepared by the fermentation of molasses, starch grams or fruit juices 


q\ 


— ' " - : t:—*- q -t* 

y** ji i^ - 
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From Miiljiji ^ H 1 !s 
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3 




v rr«fdLK' obtained a$u*r chi? crpdlnlfizaJJap of sugar from concentrated sugar cane Juice is cdrJ ' S& 
losses. 


Il is fermented by enzymes present in yeast to give ethanol, 

irvcrtaso 


GK 


i - 




Crj 0^ 

C 5 H t , 0* 


+ HjO 
Zyinasnj 


y ft a Si 


C* t~ijj 0& -4" 0$ $~tf2 

Glucose Fructose 


CH 


Voail 


?C 2 H f QH + 2 c °2 
Ethanol 


From starr/i 


dljsMvv 

i f W t (3 0 i Jrt + rjHjO ► nC‘2^27^‘\ 

Starch ? eait Maltose 


\m 


i~ t 


maltam 

C , s H 7 ,0t, + H 3 0 2C B rt 1? 0 0 

»"*• Glucose 


nrnaii 

C«tf l3 0 4 *- 2C 2 H^OH + 2 Co 2 

v***i Ethanol 


Coilectfon of Etti^nol 

* An alcohol obtained by fermentation is only up to 1 ^ H A r i . 

* It never exceeds 14% because above (his enzymes become inactive, 




* G( 

It 

* This alcohol is distilled again and again to obtain 95% alcohol which is called rectified spirit, 1 Et 

* Absolute alcohol is obtained by re -distillation of rectified spirit in the presence of CaO, which absorbs ‘j * y 


moisture. 


2. Distinguish ethanol from methanol and ethanol from phenol. 

Methanol and EEharof 

These can be distinguished by iodoform rest 


Ethanol gives yellow ppt. of iodoform on reacting with NaQH and l t 
Methanol does noigive yellow ppt of iodoform with NaOH and l 2 


fO R 


CzH s QH + 4I 2 + 6 NaOH 


CHt 3 + HCOONa + 5 Nal + 5 H 2 0 

iodoform 
(yellow ppt) 


CH 3 OH + l t + NaOH 


No Yellow ppt. 


Rhenol i huj' EPiij.r o, 1 

These can be distinguished by following ways 

* Phenol gives white ppt with Br, water while alcohol does not 

OH 



OH 


+ 3Br 


H a O 



3 Mg? 


Br 

j. . Li- . r L-. . >. . j. 2,4.6-Tribromophenol 

Alcohol is neutral while phenol is acidic. ( whlte pp( j 

Phenol gives deep purple colour with FeCl a while alcohol does not. 
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k j,r irD Jn3i!s. Pfi-rnijJs Giart 

• £ff # 1W 


3D 


r , f rr,-,j.-f hn-mM-i/ Fvrttnrl Bvanl Fart It 


a ifWl JJOU Jlsiliitjuish belwen primary t ^{.undann and ItM-flary alcohol*? f:.xplafn tilth reaction*- 

Y segpijge£7^ 


j (jIl e rtiMTMS# iiod 1 sfrucftir-tfs of the JaliiHvhfft tortipourttli'. 

fJ i jec-H^tyf alcohol 

CH r CH r CH-OH 


l 

l 

CH : 

2-Butanol 


(rb LifflJr acid 
J 2 ] 

CH— CH- CO OH 


(JJJJ te^BuJyl ateofrol 

CH 3 

1 

2 

CH r C- 
I 

i 

CH- 


2- M ethyl ■ 2-prop an □] 


■OH 


OH 

?- My d rox y p tops noi C SC d 

•fir: J Tarturiv " rid 

4 3 t 

HOOC ■ -CH— CH— COOH 


GH OH 

2 3- Di hyd roxyt ,. ta r ec i oi c 3 - ■ ; 


5. Gref the rea^ldlty of etheri. 

| H “ " 

* The ethereal O atom is a region of high electron density due to i;ie lone pairs. 

* Ether oxygen atoms are Lewis bases. 

* Like an alcohol -OH group, the OR group is a poor lecivirg group and needs to be convene 
leaving gioup before substitution can occur 

* The most important reaction of ethers is their cleavage by strong ai ids such a? : i! or I dk 

6, G he at feast tun methods for the preparation o] phtttoL 


|J Ffeacrion of fl^nzfrtnp Suffontc /irtrf with HvrfrOftfd 


oe::c : 


Sodium benzene sulphonate on fusion with strong alkali Tike Na( ii 1 ot S\( 3: ■ yield |dv:-.o. 

0 Na 



OH 


MaOH 



H S0 4 


300 °C 

Sodium benzenesiUphonaSe Sodium phefiOfcide 

* At such a high temperature, side reactions also occur 


ffnsF HytfmJi'sfs vf Chtorohvnzen 


Chlorobenzene is hydrolyzed by healing wit NaOH at JS60 1 C ami unde high ph'smuv 



;, henoi 


Cl 


QNa 


OH 



NaOH 



360 *C 



HCI 

MaCl 
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1 Jl * L * * k " h ^* N n..,f| (hr , JI 


EEs 


Hl u doo ph*n,.r rr<u ( M-lflif 

a) KivOj 

‘ Wl Kls Wl,h •« 1 «NO, lo 9~e , mixture of o „„d p nifeophenols 

OH 

^ . 

+ 2H 2 0 


Jfo * * v i Sfc :•' + v$ 5 rT fiafiii^ 

r V 

i r^Jjvjr l hi-mi*tt v J 1 tiJi-r ail fl cl4jpj 




O + jho *°. 


25 ’C 

dll 



o-Nulrophenol 

Ph<mo1 “«l> cone. UNO, to give picric acid 

OH 

^ + 3HNQj _A 


2-IMitrophenol ^ 4-Nitrophenof 
. or . J or 


p-Nitrophenof 



OH 


corse. 



NO , 


+ 3 H ,0 


\ Picric acid ) 

m HjSo 4 

* Pheri01 reacts with £on^ H£ 0 , at r^nm tor™™*,,-* 

. i, -o-m toreperat jm- to grv, a^anfl P hvdroxuhPn^.lpto^r. ~ H - 

^ L ' P-i^E Dgl is formed in greater percentage while it Wffir . , 

percentage F ® 1 1 e P-tsomer is formed in c 


OH 

k 



OH 



SOM 


OH 


+ 2 H 2 S 0 4 „ , + 

2-Hydroxyben£enesulfomc acid 

4 -Hydroxybeircenesulfonic acid 



m H f pt 

When hydrogen is passed through phe 


no- 3 t laffe in the presence of Nhatejy* ,, gjves wdohmjno |, 


cw 


OH 


li vh 

hi 

l^p] + 3 »! 


1 S 5 b C 



(hi NaQH 


Cyciohexanol 


Phenqi reacts with alkalies to form gaits, e.g 
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tjT,vi Cc-U<0« CFjfftiJWrv: &tv*d Fan !! 

£fi 0 JS: and Filter a - l I 

* ^^£rl Js pxt>rnfiim Sou'/ Describe the t^CJlllcuf retiriiullj? v] ^thvr 

' A specks with bivalent oxygert and carrying a posi'riw <W ° n ox ^ a,om •* ' M nn Mon,um in " 



R 


\ 


O-^H + 


Br 


/[ 


GKor.i-um ion 


|For reactivity of ether see Q5 } — 

^ f /ofJotpln g («mu ui-Jng ethyl alcahoi os an e ?? rt ?P^. — ** ' 1 ' * 

iS> TprimaJV alcohol is first oxidized to an aldehyde, which is further oxidized to a carboxylic ac;u. 

O 

KjCtjO, + HjSOj 


H 

I 


CH*— CH — OH + [Ol 


50*0 


CHj — C H + H 2° 


Ethanol 




or CH— CHj-OH + [O] 


K,Cr z O T + H z SO, 


CHn — -CHG + H 2 0 


(il) Dehydration 

Alcohols react with cone. H 2 SO* and give different products at different temperature*. 
f-fjqh temperature, Jcxu aJcohoJ cone. 

H ? C CHj cone, H z $ 0 , 

J J *■ 

{_H OH] I^C 

Low (gmperfliure. high Qlc&ho! cone 

HjC — CH 2 'pH\ 


H 3 C=CHj + H,0 


£ 


cone. H S0 4 


H,C CH? 

3 \ 


H,C— CHt-q^S 1«“C Hs c—ch 2 

Diethyl ether 

fill? HstertfJcflflon 

Estere are obtained by refluxing the parent carboxylic acid with the appropriate ono\ w-tn an acid ca n vm 

O 


0 + //.O 


■I, is . 


CHj-C— OH + Cj-t^OH 

fin) Cther/dnniitfan 


h + 


heel 

^ W j 


CHj — 0 Q~ CJ-1 5 + H 2 0 


H 3 C — CH^pH 

1 

+ 


cone. HjSOj 


H 2 C CHj 

\ 


H}C- CHj-Qjfj 140*0 — , c ^ a 

Diethyl ether 


9 + h. 2 o 




FW+ 


- i ' . »~h -* tf 

Ipf£ ■.*. *-# • *1 f> w • J. 7 ? y 1 r * ■' ^ 


s^T- giiin, ■ jT^"iiCLlW — i, 

sa* 

■ • '*•? 

*r m **-. Jr 
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V$£ - •? • 


r» 


_ ► erf* ■ •- -r. •. 4 “ ** ■«. 5 fa - -‘..-^ "t I-;* - ".-’! ■*"'* ■rf#'- 1 Mi , -. -»>- a 

; 


r's 


* 18 a Ad Ftft,r 

jg^^ylaJcohof prod wftjTtJie MfouJng reagentjP 


CoTfrjji' CVir nr-J.*r.-|, Ffdf rdJ fj:v ; j ■ I 


fil Conc.Hj^Ot 

HjC— CH ? cone. H.SO, 

— * H 2 C=CH i + W 2 £? 

teo 5 c 


* o* 




r f i j He 


+ 2 Hm 


■*■ 2CHQH* + N s 

Sod i dm elboxide 


OW PC!j. 


CHj-CHj — O H + pci 


CHj-CH; — C! + POCL + Hfl 

J 


Uvf CHjCOOH 


CH; C— — OH + C ^ — OH 


H* 


heat 


CH— C o-c^i + HjO 


(o) SOCI, 


c HrCHrOH + SO a c « ch „ ± „ 

. J CW J CHj-C/ + SO, + H Cl 

Thienyl chloride i 


tel ft J>Qu 4fHtngnfjfi between? 


(I) tfn o/cohaf and a phenol 


Tbra? can be distinguished by following ways 


* Alcohol is neutral while pheno! \& acidic 

* Phenol gives white ppt with Br t water while alcohol does nor. 


OH 



+ 3 Br 


h jO 



3H B r 


Br 

2.4.6-T ribromoph&noJ 
( white ppt j 


* Phenol gives deep purple colour with FeClj while alcohol does not 


I 




naaStudyi 


i- uw^wfevv; ji Id Fu stl.dw Bb 



•i 


M i 


0 [S Ateo*ieb. .1J ^ £ t.hffj 

lj[j nn aJeo^iffJ oft-d on clfrcr 

These car. oc distinguished by ic .‘.irg its! 

Aici : nab evolve H ; gas uith Na metal whu’ emer doc> no! 


t vffrjj* L ihr r " l i r 1 "^ JF^-h^y^V ffcMrd il 


JR.fl/y + ^ Na 


2 R* O .Va 


+ //, 


jjfj; fnrthana} PinJ tflhanflf 

They? can be distinguished by iodoform te<: 

Ethanol gives yellow pp! of .odofcrrr, on reacmg w.'Ji NaOr’ an-. -i 
Methanol does not give yellow ppt of odo" " cm NaOH and .j 


CtHsOH + 4 I, + <5 NbOH — - 


CM/ j + H C OO .Vs + 3 Ms/ + 5 M : 0 

iodoform 
, e o* r-C 


CH,OH + fi + NaOM 


Nc Ve v- pc! 


[Ju| hi trrffory a/cohol and O primary dfc-ohol 

These can he distinguished by Lucas Test 
When Lucas reagent (HC! - ZnOj is added to an alcohol. 
Tertiary alcohol forms oily layer ol alkyl halide immediately, 
While primary alcohol forms oily layer only on heating 


R C H r OH + HC 1 

primary alcohol 

R 


: — OH + HCt 


heat 

ZnClj 
m~ 


R C H^Ct + H s O 

R 

I 

R C C/ + H 7 0 

R 


'propanol as primary alcohol while 2-piopanol is secondary alcohol Tnese can be distinguished by 
(* Lucas test 

“"When Lucas reagent (HCl + 2nCl s ] is added to an alcohol, 

2-piopanol forms oily layer of alkyl halide within 5 - 10 minutes, 



t.H # I -H AU r'firrv)lii riftfi f liif-ff 


k{\;: 


College C federal 


12. Give reason for (I n*. 

fJJ EthyJ alcohol ts a liquid u. la# lT^ fiby? chloride a ^('■IV 

Ethyl chloride h®j(y£alcdipoleHJipole bices whi^ ethand has strong hydrogen bonding. 

- f r^'r- ; 


0 + 5” ■ri + ' 


W- 


o r ir: + 0 - :_i " 

n— l w — n W 


0-— H 0-- 1 H — 0 H 

C 2 H 5 C 2 Hs C t H s 


Due to strong H -bonding in ethanol, its molecules are iLgritly held together i nus ethanol is : 
while ethyl chloride is gas. 


flfjt Ethan of has higher boiling point than dip.thyf ether. 

Ethanol has strong hydrogen bonding, while dieihyl ether have weak van der waa!$ forces 

,■■■"' . r ydfogsn bond 

o + o" h + o"io + 5~ o* 

H — 0-—H — 0-- 1 H—Q—H 


C 2 H 


2 n s 


C 2 H 


i n 5 


c 2 h 5 


Due, *6 strong H- bo riding in ethanol, its molecules aw' rightly held together Thus, it is difficult tc 
ethanol than diethyl ether. Hence, ethanol has higher baiting pom i than diethyl ether 


filfj Absolute alcohol caiinot he prepared by Jermenlatian process. 

Absolute _ alcohol c an n ot be obtained by. fermentation process. It is because at higher cone, of aloof 
( enzyme of yeast becomes inactive and process, stops..' 


Actually, -alcohol obtaine d by feirn e nta il on pro cess is only upto 12%. This alcohol is further concern' 
by distillation t o about 95% called rectified spir i f RectiE i ed" spirit is further distilled with lime to h 
absolute alcohol. 


f ,u J Eth ™ol different products with cone HjSOj under different conditions, 
s'"' Ethanol gives two types of product in different conditions. 
tiiQh temperature., bw alcohol cone. 


H,C CH^OH 


cone. HjSO^ 


i ao D c 


H 2 C=CHj + Hi O 


Low temperature high dcohni' c.orir 


r~~\ 


WjC , 

* i Cone. H a SOj 

1 t i 


H,C- 


H S C CH 2 -/qH ; 


140*C 


fu) Water has higher boiling paint than ethanO^ 


WjC- 
^ i ethyl ether 


CHj 

\ 

O 

/ 

-CHj 


+ HzQ 


H; 


r^™T.. P ! r .r leCu . le * hile 111 «««°<* «* hydrogel* Iv-Tft 


formed per molecule. Thus due io extensive hydrogen bond 
ethanol. 


hj^Vraoni tnHHj 

H 0 H 


ing in H-.O, Its boiling point is gi'caic * 

b. 


' '5iJi ■■ L v -J.-J 
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^QUR SKILLS 


C'ofJrfTf C^mbtry: j>^rrn^ fl™rd: Fcrri-fJ 


Marks: 85 



OBJECTIVE 

i: 20 Minute" 

f q^pj milliner, cutting, erasing, using lead pencil will result iii .05S Of marks. 

^rcte the correct option t.e. A/B CD. Each part carries emc mark. 


Manks: 17 


C.C In H Int pH 


Wh-h b (he general formula for monohydric alcohols? 

Rectified spirit cont&m_alcahql_at aboul_-"— - 
" w A $0% _^JBUpO% C 95% ■ 

Fermentation of starch to jive alcohol oc curs mainly with help of 


r 

V 


H-UWS 1! 


D. 85% 


A. O a 


B Ait 


C. COj 


D. Eil 7 L 1 m C S 


v-’ 


0 Propanol 


The compound '£' in the following sequence of reaction is 
ChACHjCHjGH -i- PClj -+A + alc.KQH -*B 

/* V Propyrw — / B.- Propcng, --- ' C Propane 

pHecJiTeacl cuithn'cetyt chloride in' the presence of a base to form on' A 

A. Acid" 0- * “'IE - Alcohol €, Citmatkl 
An industrial method for preparation of methanol is. 

A Catailvtic redaction o r ^9 *■ th ° nuance of ZhO-CtqOi 

B. By reacting methane with sleam o,l TOtHC with a Ni-catalyst 
C By reducing HCHO wilh aqueous NaOH solution 

[>. By reducing HCHO with liAlH 4 followed by hydrolysis 
Ethanol is denatured by adding 

'■ _TTAAleEh5ni5T';; _ ' B. Acetone 


C. Propanol 


■r, 


C Carboxylic acid 


C: lusdubV in water D.lnicJoWe in all suktffits 


Phenol LSI also known as 

.___ A. Carbolic acid. B Carbonic acid 

Alcohols oHow molecular weight are 

A. Soluble In water B. Soluble in water on heating 

Methyl alcohol is not used 

A. as a solvent B as an ant freezing agent 

c. OS a substitute for petrol D. fot denaturing of ethyl alcohol 

When Fl^jrol ifleicls with CH a COG the product formed is . 


. D, All of the above 


D None 




c 


D. Ester 


A. Ether ^ B. Alcohol C. Aldehyde 

i) Williamsons synthesis of ethers is superior to alcohols because it makes 

A. Symmetrical elhcn B. Asymmetrical ethers 

X c. Eiihei at loom temperature D. Both symmetrical and asymmetrical ethem 

Diphenyl eiber is also called 

^ — — A. TTi^ncmu hemene c-VKBenwxyiMrzene C. HexosybenzenE D. Phenoxy ether 
t#> \jdydre>gen bonding is maximum in , - 

... A. Ethanol □. IDiethy! ether C. Ethyl chloride 


V 


D- Tnethyl amine 


1) 


What Is product In the following sequence of operations? 

Chlorobenzene + NaOH + A + HNO a leone.) 

A o-nilrophenol B. p-nilro-pheno! C. 


— t producl 
both a' and b’ 


L>. iiict'LC. acid 


Which one of the followi rig compounds doc^rfot contain carboxylic group 

A. Acetic add B. Formic add C, Picric acid &-*. 


iswlfin a reaction C t H 5 -0'C 6 > k, + HI - 
A C ft H s OH only B. C*H*1 


X, Ihen X should be 

C. C t H 4 OH a iid C t H s l 


D. Benzoic acid 


D Hu reaction 


SUBJECTIVE 

^ ; !S Hours Total Marker Section B and C- 68 

I ._ SMttenJdltpIcf AZ\ [14 x 3 — 42) 

-Attempt any FOURTEEN parte. Tfee answer 1o each part thould not exceed 5 to 6 lines. 
Than! art different structural isomers of formula C 4 H*GH. 

a. Dray.. t | 1e strujcjujei Q [ th^ f our Alcohols or formuLa QH,OH D2 

ClassiFy these isomers as ptimary, secoiidary or tediaryi 01 


4 


is prepared on industrial scale world over 

**■ hfame the process, temperature and eraymes used for the above process u.ihen ethanol is prepared from the r\ ■ >.■ 
'■^th equations 02 

O'T'ly 12% alcohol can be prepared by this process. Why? 


of s-ug 


b 


01 



'*■ * • 
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- . < .*. .wi * - •«'' • ‘ •■- 


3 E 


-J.. ... v-. N .-:^VY,Mi\ 

rtX'. S. <f -" ’ 


Why 1 


( 1 J 1 Hh ,,rf If' 

01 

0! 

01 


c-ouir 


■■■-, . - ■ ^ ,. '.\uu due* Unt? 

-■ ■ . - ic JXS '■■■■ ■ -V ■ h ■ ttlAl' “illOtV -.viv 




a*— Mm -o: tv p:v;wcd N kwnlflin'n of mol^-s Giw mmvjii 


: « - - . 




. ■'■ - , s ?. *u. d E:-and a liquid ’ 

I ^ - .-■ alcohol decuvuv- in u.,iUn' J 


1 rj 

1 5 

] 5 

01 

01 

01 


^ — g. j,""’ m — r — Z" “* c* iTir’K — £tou j.. 

i ^ “^^ara.t!0'“ of Elite ts b : « WilbasTfiwftfi Synthesis-. 

: V. - - . ars El- Y.-r.iy sc'. -b'.c' in a atei? 

i -. .v a if: k en :< ber. 1 - ee r. alcohols and phenol*? 

: ..v*: — '-nerv'd nc and pdyhydric alcohols ’ 

: -.t-k cf -w-burG alcohol and sec-butyl alcohol. 


d rtoTi starch? Write alJ balanced equations and conditions. 


Kc-. snharol ;s prepira 


■r * What s rectified spirit’ 

i K-y* ^r:.: si sp : t rr.ay be convened mio absoluie alcohol 9 

/j a V."ny lower alcohols are soluble in water? 

b V;:-> r s -:r-2 ar.d boiling points of alcohols are higher than corresponding alkanes? 

■jo: , Afcohoib c. ;e variety of reactions 

a During reactions of alcohols, under which conditions C-Q bond breaks 
b Lbder y, hich co nd:ti ons O -H bo nd breaks da ring reactions of alcohols. 


1.5 

1 5 

01 

01 

01 

03 

01 

02 

1.5 

1.5 


1.5 

1.5 


Viiii* Why ternary a! coho is are resistant towards oxidation’ 


01 


b Alcohols read with HjSQ + to give different products at different temperature . Give equations. 02 

iViuf * What is Uwi reagent? ! low will you differentiate between- 1 -propanol and 2 -propanol by this reagent. 

02 

b What is Dew s process? 01 


1 joj j n How will you differentiate between methanol and ethanol. 

b Wnle down Ihe siruclural formulas of fi] Carbolic -Ac id (ii) Picric Acid 
t . Gi'je two uses of methyl alcohol 


01 

01 

01 


r^vil a Write IUPAC names ol the following compounds: A. (CH^ Cl l 01 1 B. Chi CH l . OK 02 

b How will you obtain phenol from benwresulphonic acid? 

(xviira Alcohols and phemah bolh haw OH group but phenols are more acidic than alcohols 
b Glue ore reaction of phenol in which it acts as an acid. 

fjcuiiljia Prepare benzene a ikI picric €Kid from phenol? 

b. E low will yon differentiate between an alcohol and phenol? 
c Water has higher b.p tfian alcohols. Why? 

fjcDcJa f low will you obtain bakdiln Irom phenol? 

b plhyl alcolrol Is a liquid while methyl chloride is a gas. 


01 

02 

01 

01 

01 

01 

1 5 

15 
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Coiftje ChfFroisrrv: Fnie.rui Kwird: Ftiit-U 


rt<1 Attempt any TWO questions. A h questions carry equal tnaiUs. (2xld-2&,' 

3 r {a) What happens when 

( 1 ) Phenol is treated with acetyl chloride 
hi) Ethanol is reacted with ethyl magnesium bromide 
(ill) Diethyl ether is reacted with PCl 5 
(iv) Ethyl bromide is heated with silver oxide 
(b) Give 1UPAC names and structures of the following compounds, 
ii) sec-butyl alcohol iii) Luetic acid 

(iii) ier -butyl alcohol (ivf Tartaric acid H Diphenyl ether 

e, What is an Esterification reaction, 
d. What are simple and mixed ethers? 

3 . + L a. Show by reaction and diagram Ibe industrial preparation of Methanol 
b- How does phenol reacts with 

[i| HNQj til) H a SO i iiiilHj^i W NbDH 

c . How does methanol reacts with 

([) S0C1, til) PCl 5 i»LL> NH 3 (lv) CHjCOCI 

d. Give four uses of phenol. 

Q. 9, a. Explain hydrogen bonding in alcohols, phenols and elhers ? 

b. What is oxonium km? How it can be generated from ethers? 

C How may alcohols be oxidized? 
d Cany out the following conversions 

i\) Benzene to cyclohexanol (ill Ethanol to ethyl iodide 


04 


05 


02 

02 

Q3 

04 

04 
02 

05 
03 

03 

04 
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ALDEDHYDES AND 


KETONES 


c oH< ?*■ c he mIitr * Fr ' ** r4>{ B '■ "- 1 ' • ^ ■ 




s 


O'- 


s 


ifl 


R 




H 


r: 





/NTHODUCT/ON 


Organic compounds containing the carbonyl functional group are called aldehydes ar.d \&ion& 



Functional G ro up; In aldehydes, the C ■ atom of carbo nyl group is d i recti? atta £ Ked to at le a >■■ 3 : i u H-n: u : 

Structure Form u Fa: An aldehyde may be represented by the genera, formula structure 


O- 


Genertrl Fdnflufd: 
Occurrence; 

Examples: 


''"'M 

The homologous series of aldehydes have general formula C n H 2n O. 

Aldehyde groups are present in most sugars. They are the principal constituents of a 
number of essential oils used as fragrances and flavors. 


e 

c 

; — h 

CH r C 


H 


Formaldehyde 


Acetaldehyde 


E 


ETONE 


§ 


Funcifonu/ Group: In ketones, the C-atom of carbonyl group is bonded to hep carbon atoms called ketonic 

group, 

Structure Formula: 1 A ketone may be represented by the general formula structure 


General Formula; 

Occurrence; 

Examples: 


r; 

The homologous series of ketones have general formula CH, O. 
Keiomc group is present in camphor and fructose. 


CHj— 


c— ch 3 

Acelone 


CH 3 C CjH s 
Methyl ethyl ketone 








# 1 9 fi KeJ 




Qnttcgt Frdrial tfrwfrf: f 'vft-U 


Nomenclature 



f i ^ nMMOJV NAMES: 

t An aldehydes is named after the name of carboxylic acid obtained on j's oxidation, r,.t. en ing 

replaced by aldehyde. 

0 o 


l 


■OH 


CH r CH r C — 'H from 


CH^C — H from CH- 

Acetic acid prapLonuldehyde 


^taidehyde 


CHj-CH— C 1 OH 

Propionic Btid 


o.r 


CH r CH r GH r 

Butyraldehyde 


2 H from CH^GHj-CH— C^— OH 


Butyric acid 


* For naming substituted aldehyde, the chain Ls labeled by using a, p, T - etc. 
The csibon next to carbon of the carbonyl group is indicated by a and so on, 


GH 3 

jj-Melhyibuty raldehyde 


0 

0 

n 

II 

■ : — 'H 

^Hj-CH-C— H 

J ;; 

v ft a 

CHi-CH-CH-C 

1 I 


1 

Cl 

Cl ch 3 


a-Chlorapropionaldehyd e 


p -Cn ic ro-a-m ethyl huty raldehyd e 


fh) 11JPAC NAMES; 


ftS^rbo, chorn containing .he aldehydic group is <ahen as the parent hydrocarbon. 

2 The ending e of the alkane is replaced y al 

3. The numbering starts from the carbon atom of the carbonyl group. ' c"*”" atom c[ aldeh¥< IC S '° U ‘' 

k always carbon number 1. . , 

4. The position of the substituent is indicated by numbers which is written before their number 


jtoflif 


Exam^l^s- 

0 


o 


H — C— H 

Wethanal 


I 


CH^C— H 

Ethanai 


2 1 

CHs-C H 


3 2 1 

CH^CH— C— H 


Ch r CH — CH— C H 


Cl 

2-Chlonoethanal 


Br 

2-Bromoptd|>9ii'’ial 


OH 

3-Hydroxybiiterial 


I 

i., 

N 


! 



A 3 Z 1 

CH r CH-CH-CH-C- 


CH 3 CH 3 Br 

2'&romD-3,4-cliiTtfttlYylpentanfll 


a Cl O 

CH 3 1 II 

\3 £ 1 

H CH— C — C — -H 

/ 
ch 3 

3 Br 

2-Bfomo-2-chlorO-3-melhylbui3nal 


Ch 3 O 

i n 

432 
CH-CH-C— C — H 

CH ; 

2. 2-Dimethyl butana 
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?f -i r 


. # -u -^ • . , 

j- * -i -#-> r ^ — 


nr«H *- <- ■ 

dPW* A ■ 

- ■ •*■ *- **■■’-* • ■ 
■>■-->1-1. T- * r‘^1 %*■-•**- 


* • »#- ■* 


C FT (f J 'J. (in if Kirlunc i 


JIE 


<T. <>|Vr (f«r C fFl - ’ ( T ' r f r ' 1 f '' r , . 

o 


&■ 


o 

It 

CHp=CH-CH r C— H 


$ 4 3 2 

CK~ C C H C H r - C - 


H 


3-Bgtenal 


CHj CH 3 . 

3 ^-DiinethyU-pentenai 




M COMMON NAMES: 

• Ketones are names by adding the word ketone after writing the narr.es of a.*>- or ary; ^oup r- || 
carbonyl carbon in alphabetical order. 

O 


.A' 

•j 


CH r 


c — ch 3 

Dimethyl ketone 


CH“G CH r CH 3 

Ethyl methyl ketone 


CHrCH-C- — C H-CH 3 


CH 3 

Ethyl isopropyl ketone 


I 

Cl 


J£ 


CH, 


CHr-C 


O CH a 

1 

c— c— ch 3 


6 

c 


CH. 


CH- 


ij 

Di tertiary butyl ketone 

* Substituted kelones are named by labelling the chain using ft, fk '■ -■ etc. The carbon next to caibor 
carbonyl group is indicated by 'a' and so on. e.g. 


5 

C 


Cht, 


I 


^HpCH — 


a 

CH 


Cl 


— CHr'CHT- 


a 

CH. 


CH~CH r 


2 CH— Of 


Methyl a- methyl ethyl kelone 


Methyl ■fl-chSoroethyl ketone 


a- hydroxy methyl ethyl !-.ot : ' 


JL 

a 


(h) fCJP4C NAMES; 

1. The longest chain containing she carbonyl group is taken a parent hydrocarbon. 

2. Tire ending e of hydrocarbon is replaces by one 

3. The numbering starts from the end that gives the carbonyl carbon she lower number In cyclic kitor^ 
carbonyl cartion is number 1 

4. The positions of substituent are indicated by numbers before their names. 


CH— C— CH, 
Proparmne 


l £ 3 4 

CHs— C— CH r CH. 

2-Butanone 


Q 

1 4 'J « , 

CHj-CH^—C— CH— CH 

2-Methy I - 3-pentan one 

CH, 


1 Z 3 * 5 

CHj — C — CH— CH bHj 

3 Pentem 2 -one 


C \ 3 f} 

V i 4 5 A 7 

CH — C — CH r C— CH— CH : 
CH, 


CH 


O 
II 

I 2 5 4 5 

CHj-C — CH— c — CHr 


V 


CH, 


CH, 


2,5-Dime£hyi-5-heptem3-one 


3 - M ethy 1-2,4-bexairad ion® 
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CHj O CHj 


I 


C Hr9^ c 9 — 


CH- 


CHi — G — CK t-CH— CH j 


3 2 J A S 6 

CHr-CHr-C— CH-CH r CH, 


CH. 


2- Rente none 


3-Hexar.one 


CH 3 - - 3 

2 2, A ,4-telran ethyl-3-penl ancr.e 


QUICK QUIZ - 1 


;ji KJritc the itru dum fli the- f oUo^-l ng ca mp^ ifldf 
(a) 2-Hexanane 


Th) JVn[»r>td 


o 


* i 4 3 2 1 

CH-CHrCHrCH-C— CH, 


CH^~ CH— CHj~CH~C J 


H 


ff? 

o 


o 

II 

* 5 4 $ 2 1 

CH r CH,-C CH— C- — CH, 


t<si i^Pficn i-r-i'-i i ne 

o 

II 

4 3 2 


1 


CHs-CHj-C- CH 



o 


s 4 a 2 1 

CHj-CH-CHj-C— CH 3 


(D I -PlieniPW-W-me*^"*y J-prOpmrcJi'one 

Incorrerci Name: There i : s no prapanetJione 


CH, 


tn Glvft Ihe IUFAC n a mes v f the joitcwl nj^ 


Ip 


- M 


ft) 


CHT-CHj-CHj-CHj-C H 


'2 l 2 
PentanaL 


s 4 a ^ 1 

CH-CH—C— CH^CH 3 


3 -Renta none 


fd) OHC — CH— CHf-CHO 

Or 


r 

y 




I 


I 


i 


l 
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MORE PRACT/CE 


ALDEHYDES 


CH 3 CH(CH 3 )CH(CH 3 )CHq 

O 

It 

4 3 S i 


CH—CH-CH-C H 


5 

CH- 


CK: 


\: 


o 

II 

2 5 


/ 


CH-C— CHj- C- 


CHj CHj I 

2 S^Dirmeihylbutanal / 


CH, 


CH. 


3.3.4-T nmethylpensanal 



O 

H 

5 4 3 2 ] 

CHpCH— CH—CHj-C 


H H 


0 
ai 

1 

c 


2 3 4 

-CH— CH— CH 


O 

li 


3 


CH~ CH — CH— CH— CH--C- 


CH- 


gh 3 oh 


3 -Methyl A -pe nieno I 


3- Hy d roxy-2 -meth y I buta n a I 


CK, OH 


3 -Hydroxy -4 -m c th y I - 5 - hex e " a 


KETONES 


ch 3 o 


12 1 
CH r CH-C’ 


4 5 

-CH-CH, 


CH, 


i z a 
CH r C C 


4 5 

■ch— ca 


CHj 


CH- 


O 

II 

4 3 2 1 

CH— CH—C CH. 


CH, 


2, A - Dimethyl -3- pe ruanone 

O O 


2 .2 , ^ - Tr i met h y I -3-pentan on e 


OH 

3 - Hydr oxy-2 ■ t utanon h 


7 & 5 

CHj-CH— C- 


4 3 

■CH— C 


CH, 


z } 

ch-ch 3 


CH, 


O 

II 

1 3 3 

CHpCH— C 


4 5 

CH-CHj 


•3 — -3 

2, 4 ,6 -T rrniethy I -3 5- he ptane di ori e 


CH, 


l-Penten- 3 -one 


0 

ff 

2 


& 

CH, 


O 

II / - 

3 4 a/ 

'CH— C— HC 

I \ 

OH CH } 

3-Hydroxy-S-methy 1-2 , 4 -hex anedion e 


C H r C 


O 

CHX-CH— C- 


4 5 

CH— CH 


1 . 4 -Pen tadren- 3 -one 
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PHYSFCAL PROPEHTJE 
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Colfryf t-'Acmisfry: FtcftfffpJ Hoard Part-\i 


The C “ O bond has polar nature due to the electronegativity difference of the atoms. 

The polar nature of the C=0 means that dipole-dipole interactions will occur. 

The C=0 bonds cannot form hydrogen-bond with each other. However, the C O tan occept h^drog . 
bonds from hydrogen bond donors -,e g. water, alcohols!. 


The results of these effects are: 

c- higher melting and boiling pom is compared to analogous alkanes 

o lower boiling points than analogous alcohols 

soluble than alkanes but less soluble than alcohols in aqueous media 


more 


wiriiimsiTJg 


The carbonyl group consists of on O atom bonder! lo a C atom via u double bond. 

In carbonyl group both carbon and oxygen are sp- - hybridized. 

A sigma bond is formed between C and 0 by the overlap of sp 1 hybrid orbitals of C & 0. 

Two lone pairs of oxygen are present in two sp 2 hybrid orbitals, while carbon uses its two sp- hybnd 
orbitals to form bond with Oilier groups like alkyl groups id. 

Both C and O contain one unhybridized p - orbital each, which overlap sideways to form a pi-bond 
Three groups attached to the carbonyl carbon lie in same plane with bond angles of approximately 12V. 



r 

I 

i 


R 120° 



Election density between C and O is not equally shared- 
Oxygen due to its greater electronegative attracts charged cloud more towards itself. As a resul - 
acquires S' charge and C acquires B* charge. Thus carbonyl group becomes po . 
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C=^=C 


/ 


Q, 


\ 


b— o + o—c 


Reaction type Hec-trnphitic Addition 

* Owrofl iranj/yfnuJtf^fl- 1 C-C t ■'■ C = 0 

* Keoyent* Ozone 0 ‘ r*<\l b>. reducing Urorft-up ■■- ■J ad. dr. " 

* li i& convenient to viw the process as t leaving the aiker.e mro iMJJtarbonyJ compounds: 

* Thf substituents 6ft the C=0 depend on fhe substituents cn the C = C 


MECHANISM: 

Step 1: 

I hr - , i*.riTi r ; -. act ss the nucleophile, attacking the ozone at the e ph:!:f terminal O 
A second i O . ■ tonned by She nucleophilic O attacking the other end o: 1 - c C = C 



r\ 

1 o’ 


6^ 
i 

\ 


/ 


o': 


7 

■% 

\ 


H 


Step 2: 


Thecvc'.u species tailed the moiomnide rearranges to the ozonide 


p f 

/ I 


Step 3: 


a 

w 

„-C 

I 


\ 


or 


+ / 
C 

\ 

o 


v-s 

\ / 


On wo*,* M Zn a** acid, ft, «*«*!, d e00mpoM5 to ^ ^ ^ ^ 


Vrv. 

\ i / 


\ 

c 

/ 


O + 0-^i c 


/ 

i 

\ 


In ' acetic acid 
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' CH t 1 4 VJr 1 '* J*-* K*(h3«iw* 

aftiwraw*: 


3 E 


( ,.'J,r >■ 1. hr ■■ <H' , f r-lVf- T Ei^rd f'jfiJf 



M 77 ',, ej 1 . ■■ : Aldehyde or ketone 

• Wak'T adds on to alkynes :.n the pte<u iu' ot l.jj . h ■ * • ■ 

< End forms .vi intermediate' which irrn"-_v v 


rMb alde^vdC’: ot >..- - o 


CH=CH + H OH 


H.SO, 


CH=CH — OH 

ri. 

V. i,', .7.-. h, . 


H r O 

J r\ 

CH^CH 


Rearrangement 


1 1 

CHpC — H 


* Propyne gives acetone 

V 


CH|— c: 


:ch + 

* r-- 


5 + 5 

H — OH 


HaSO, 

HjSO, 


OH 

j 

1 

CH=0 — CH. 


Ht-O 

-VI u 

CH=C CH, 


Rearrangement 


O 


CH — C — CH. 

AciftOPt? 


This re action l* useiui lor preparing methyl aryl ketones 



Phenyl dCC'iyieriO 


S + 


CH + H 


OH 


/ 


HftSO, 


H.SO, 


I \ 


OH 

I 

■C = 


CH, 


\ 



O— H 

bV 

Cr=CH. 


Rearrangement 


/ V-£- 


CH. 


Acetophenone 


I 


ids- 


r3j 0XJTJA77ON OF PRIMARY AND SECONDARY ALCOHO 


* Primary alcohols are oxidised to aldehydes by 
■fl) warming with acidic d [chromate solution or 
(nj Jone reagent (CeQj + dll. HjSO* + acetone • or 
(iii| Sasrett reargent iCiQpf-trnjytldlnei 



|) CH r Cf^OW + lO\ 


Ethanol 



C.vv 5 -C it 


\ 


V * 


O 


NajCr jO T 


CH T 


I 


cone HjSO* 1 Acela , de . hyc i e 


■H + H,0 


-&I7 




/; t&Tteir ■ 


jrn «’ 




r*-*! — « , -*C . 

Lii : ™- 


■•a t ^ <n> f i dj'’ 


t+-* -4 +f 

a. 




ii ■♦ 

■ , far 


' f ‘ 4- ■-•' Jh ■ l4-‘ J. 

t •* i *■ -f — ♦ ,% 

. :*“#• p > 1 -, • ^hvl 
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r - “ ~ c ■ ,1 K-f ! r- •-+% 

V 


■ Fi-riirral Btxtrd 1 J 

0 




T 


CH r CH r CH r C^ON + i [O] 






jc-ce 

rea^en: 


t 


CHf-CHj— CHf— C W + H.0 


Buianai 


\ V\ 





fO] 


Sarc-:: 

►- 


reagent 



. 


H + HD 


Be ,n za ceiyde 


• ■ o r. -$c/j es'j s sc I v ants a re employee to avoi d f u rth er o x.i d ati o n 

* Secondary £i:ohoU are oxidized to ketones 

r — — ■ ! U- 

CH— CH-QH + /Oy 

• J —Pi 

CHU 


NajCfjO, 


cone hi so. 


CH— C=G ■+ N 2 0 


CH 



(4} FRlEDEL-CHAFfS ACYLATION OF BENZENi 


■ - ■ ■ ■ ■ ■ * — T ---^ 

Jt is the substitution g! acj/l group in an organjc compound in the presence of AIQj or some ’other Lewis are 



0\ 


AlCL 


R -C— r Ci 

■" rj chfgrkte 



MCI 


Alkyl aryl ketone 


o 


* Af ,ij rjencr^U/s acylenium ion (R* — c + j fJir , iri .- n . 1 i , , 

■ •, -c.i jphile,' which is substituted in the aromatic ring 

^ — — 



u 


a 


! ,w l,,1Jld t,J «* «'rtx*nyl jToup ha*. 

* At o W m ii more electron egati yi ,, M ;i!trai (s t j le 

a Girons to rtself. This attraction makes the 

carbonyl rftoup a polar group r N 

* the oxyrjt-n dtrjrii 3iiri .i prtrii.il negative charge Nucfecpniie *uack 

tm 11 ;H,fl ^ ( ' rl| iJon atom has partial positive 
t harrje 

* Murnr, it makes oxygen atom nucleophile and 
carbon hi I om becomes electrophile. 


Nucleophilic 

ElfctCiJhilic centre 

ranine 


S+ 6- 

c =0 


V 
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k • g e r. c t a 1 reaction of noc id-op |-iilic addition =s given below 


H Nu 

Reagent 



H 


A 6+ 6- 


:0 


Nu — "C OW 


H 


/ V> 


Restart 


H 


Product 


There are two types of nucleophilic addition reactions of carbony, compounds 
if, i Base catalysed nucleophilic addition reaction 
pi] Acid catalysed nucleophilic addition reaction 


fil BASE CATALYSED 



, A bi* c a " VS ed nucleophilic addition reaction takes place a srror., riucleophilic reagent. 

* The base reacts with the reagent ad generates the nucleophile f b ^ i QTOU n 

, The addition is initiated by the attack of a nucleophile on the electrophilic carbon of the carbonyl <JtO up. 


f^ENEKAL MECHANISM 


O..:: 


s +■ 



Nu 


h 2 o 


Nu , 

Nucleophile 


\S+ 5 - 

C— O + Nu 


0 v 

~--V 


\ / 

c 

/ \ 


^ r'A' ^-**4 


Nu 


(-- r.^-- 


\ / 
c 

/ \ 



6+ 5- 

W— OH 

\J 


\ / 

c 

/ \ 


OH 


HO' 


Nu 


Nu 




There are five types of base catalysed nucleophilic addition reactions of carbonyl oompdur 

fj] Addition of hydrogen cyanide 
(2) Addition of Gngruud s reagent 
f J> Addition of sodium bisulphite 
f4j Condensation reaction$ 
f3j Hotoform reactions 


ids. 
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U>l>l DON OF HYDROGEN CYAN ID 


• Hydrogen eyfcnkde adds to aldehydes and -etc-es m .o 

* The acid generates HCN fom soc :\ar. -it ~ bh 

H 

\ 6 * 


H 


/ 


C— 0 


5* 5 " 

W — CN 


Sj^S 


H OH 

c 

\ 

H CN 


Fonr a pe" 


■ _i 


^ VC i 1 J *» * x. 

v\« .K'e'.: ■ : t* 


CH, 


H 


\B + fi‘ 

c— 0 

/ 


6 * 


CN 


HaCs -w 


CH a 

\ 


ON 


\ 


Acetaldehyde 


H CW 

Ace: a ce-r Je cyanohydnn 

2-Hv - -.2v>c' o^v-en i the 


CH, 


\g+ 6- 

c^=o 

/ 

CH, 


6 + 6- 

H CN 


CH i OH 


ISaCN ( MCI 


X 

CH] CN 


Acetone 


Acetone cyanohydrin 
2 -H , dro xy ■ 2 -m e( h y i pro p a ne nitri I e • 


* The reaction 15 used in the synthesis of a-hydrosyl acid These acids contain one carbon atom more iha: 
number of carbon atoms in the starting aldehydes or ketones. 

OH OH 


I 


HjC CH — ON + 2H z O + H 2 50 4 

2- Hydroxypropa neni tr 1 la 


H 3 C CH-COOH + WH 4 HSO„ 


2- hydroxy propanoic acid 


Ergnci jir Q 2 (Hi) Wh at ly th e mech anism o /HCJV addition to carbon^ compounds? 

Meehan ram 


The reaction is base catalysed. The base {OH'} generates cyanide sons which act as nucleophile. 


HO 

Base 


h 2 o 


CN 

Nucleophile 


\& + 5 - 

0=0 + CN 


/ V_/ 


\X 

c 

/ \ 




CN 

x/> 

c + 

5+ s- 

H OH ^ 

v 

/ \. 


c 

y \ 


OH 


OH 


CN 


The hydroxide ion liberated reacts with undissociated hydrogen cyanide. Thus, it produces more c ^ 
ions, which in turn react with more carbonyl compound. 
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iDDinOW OF GHlGNARD S REA 


^^nartT& reagents add to ald*hyd« anti ketone to form aridh^ ' add r " tt * hyaiolyw* 

% m inert! acid gyve ale oho ■ 



O 


FflrmaikJehy ie 


H 

i 

CH,- C--0 

H 


W-H 
r -•" •’► 

H T 


H 

CH : -C— -OH + 

1 

H 

thanes 


OH 


CH 



Aceta H*r . a* 


CH 


CH,- C — 0 MffBr 


H 


L v ' y 

Wtf H 


H 


CH , 


Br 


- CH C— OH + 


* r r '.: H -iT'O 

-^.iry alcohol 


ON 




6" 

CH,- Mg - ffr 



lllwr 


CH 

1 ' 


* CHj-'C — O 


! 

ch 5 


HO- H 


H 


CH, 


cH i 

2 1-2 -pro c and 

s leriary aioo^o 


/ 


* CH- C — OH + 


OH 


Ti ADDfTfON OF SODIUM BfSUiPHAT 


» Atiehydes and small methyl ketones read with a saturated aqueous wfei&OP of sodium bisulphate to form a 

crystalline while precipitate of sodium bisulphite add u cl 


H 


\=Q + NaHSO^ 

/ 

Formaldehyde 


H , OH 

\ / 

e 

/ \ 


H 


SOMa 

3 


Sisu phUe adgn on product 


CHj 

\ 


H 


/ 


Acetaldehyde 


NmHSO, 


CH. 


OH 


\ / 

C - 
/ \ 

H SO^Na 

9:su!ph.te add.tion product 


yjfcM 




*4 ■*» 


f i_ ^ i _l 


* . *■■*• ' T* f f* -A-# 


•■S+.WTSt 
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Ct»Nr-W f-'ihrrt>l^(rv Perioral K- 


'* " r - |. 


CH, 


\ 


CH } OH 


C=0 + NaHSO. 


/ 

CH, Aceicne 


\ / 

C 

/ \ 

GH : 

B sulphite addition product 


SO^Na 


Bisulphite on heating a dilute mineral acid MCI or H ? SO, regenerates- the paren: ajdehvJe- ■. : --.es ■ 


CH 


J OH 


CH 


+ HCi 


\ / 

c 

/ \ 

H SO, No 

Sssulph 3e addition product 


\ 


C = 0 + Na£J + W 2 0 + SO 


/ 

H 

Acetaldehyde 


* The reaction js used lor the separation and purification ot carbonyl compounds from nor. 
compounds such as alcohols 


Exercise Q2 (x-) Gli-p file me chartism u{ tuldiiUm o/ sadfutn blsulphotc fo ketones. 


Mechanism 

* Sodium bisulphate ionizes to form sulphate ions. 


NaHSO^ 


0~ + Na + + H* 


Nucleophile 


fomcd Phitt ' aCt5 ” * IluClcophile ' si,5!:<! thc sulphur n!nm is moie nucleophilic than oxygen, a C-S | 



/ \J 


\ / 


so 0 Afe+ 




Proton is attached to the negatively charged oxygen atom to form bi sulphate 



addition product. 


v 

/ \ 


OH 


or 


SO ' 0 


\ / 
c 

X \ 


qh 


Bisulphite addition product 
• "**“ wf,ich ba,h dk * 9rOU P s an? lar, J«r than methyl do not react with sodium bisulphite. 


SO,# 
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£fi M Aldehyde* flrf|| T 31! 

pV ^prrft 4 nnTrTTr a p u mf 1 

_ Mfl MUH t iWIfffi wr t mti 

fi'acHfii] rrj itlik'/r iito rank'dili-s of the same or different Luniptumcis combine jf> form a new 
^(iipniind u'Jlh or u ithoot the ellJtilnjl/on of a smiP If irluietjdu Jiktr HjO at Wf, are catted condensation 

^action s. 


Exercise Q3 (lv) Define and explain al <fof condensation a long ii=ii h mechanism. 


(Of ALDOL CONDENSATION 


C-orrefensiTtCon rs q reaCiitiri in tthlch Hl'-O mnlecrilcs of .Stime or different r-r.rrbniiyl compound 
containing a-^rg^|i (hydrogen dJachal to ike caj-hon atetm rm.vt to carbonyl group! combine together to 
fiatn aldol or fctMoi, [ihJch usually loses water molecule. 

(Vfp|d A fk aline copnlii funs; 

ASdol condensation takes place under mild alkalir.e conditions, tor example in tae presence of sodium carbonate, 
sodium bicarbonate, barium hydroxide, dilute sod him hydroxide o: an olkoxide in low concentration. 

Types: 

Aide! condensation can occur; 

(I) Be twee n two a Id ehydes ! id eni i cal c r d iffc ren 1 1 

(i 1} Between an aldehyde and a ketone 

(III) Between two ketone [identical Qt different) 


fO Condensation between m o aldehyde*; 


V 


\ 


dil KaQH 


CHi — 


H 

Ethanol 

(Acetaldehyde) 


H — CHyC H 

Ethanal 

(Acetaldehyde) 


OH 


CH^-C — CH—C—H 


H 3 - Hydroxy butanal. 
( Aldol ) 


On heating aldol loses a molecule of water to form k. f^unsaturated aldehyde 

O 


aw tf g 


T W h 

1 


Heat 


CHi — O — CH— C H 


P 


C K + H.O 


Is 3-Hydroxybutanai 
H ( Aldol ) 

fit) Condensation bflmfeil aldehyde on d •ketujie; 


K 


2-Butenai 
( Crotonaldehyde j 


dll MaOH 


CHj-CHj-C 

Propanal 


CHyC 

Acetone 


CH 3 ^ 


OH 

CHj-CH 2 -C — 

I 

H 


CHy~ C 


CH , 


4 -Hydroxy 2 h&onsne 
i Keto ! ■ 
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CHf * ]^r Afd^hydu niuJ K*tnnr? 

(JJJ) Between tu.’o ketones 

0 

CHj — C + 


SEE 


L Vjjrr^‘ ChtmSttn Frdrrni 


Bj(OHL 


H — 


CHt C — CH, 


OH O 

CH 3 -C~CH^C~Cf 


CH 3 

Propan one 
(Acetone} 


Froperone 

[Acetone 


CH 


4- H y cl rox y -4 -m el h y I 2- p er : a ri one 


MecAftfi/srii of Aldot Condcusotloa: 

Following step* are involved in aldo! condensation. 

U) Removal of a proton from a-carbon of aldehyde, ketone by base : Formation of nucleophile', 



Hydroxide ron 


Ethanal 


H 2° + CH - — C 


Carbanion 


(2) Mock of nucleophile on carbonyl carbon to form alkoxide ion. (Formation 


of alkoxide ion } 


C 


H,C- 


Et hartal 


6- 


— N o 

s+ J 

+ 

CH—C — H 


H 


Cardan 


CHj— C— CH^C H 


ion 


H 


An alkoxide ton 


f>) Rernou °’ of proton from water by alkoxide i 


ron; /Formation of aldo!} 



O H 


KJP H 


CHr-C 


H 


CHrC — H + HO 

3-Hydroxybutanal 

( AJdol } 


i 


vF 
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C* 

Q3 (p ^O Whfch typ t*- of uldnhydes gi ne Ca nnltaro '■» reaction? Explain ifit/i jntchanism, 

|0p^fN>S iHO J S REACTION: _______ — 

y'^ldehydes having no ahydtogen atoms undergo Canizzaro’s reaction 
( it is a disproportionate (self oxidation -reduction) reaction, 
fwo molecules of the aldehyde are involved, 

# One molecule is reduced into corresponding alcohol and the other is oxidized into the add l.in tKe &eui lorn. 

, The reaction carried out with 50‘ ! m aqueous solution of sodium hydroxide at room temperature. 


O 

II 

2 H-C“H 

Formaldehyde 


+ NaOH 


CH,0 M 

Eelhanoi 


h— C — OWa+ 

Scdium formate 



NaOH 


Banzaldehyde 




Sodium benzoate 


Mechanism of Cannizzaro’s Reaction: mTn ~\ ov 

t The hydroxide ion acts as a nucleophile, ll attaches or, the electrophilic carbonyl carbon to form a complex 


anion. 



H O 

\ / 

C 

/ \ 

H OH 


(Anion) 


, The anion transfers a hydride ion to second molecule of formaldehyde. . 

* The presence of the negative charge on oxygen of the anion helps in the loss of hyande <o- ■■ 



•* H 


H 

I 

C- 


o 


-o 


H- 


Oh 


Formic acid 

ff Methoxide ion 

. The methpxkje ion acts as a base and abstracts a proton from fcmtic acid to lorn methanol and folate ion. 
The formate ion in the presence of alkali gives a salt ot aao. 


H 

h 4 


rx 


uo 


H 

Methoxide ion 



H 


O 


H 


H — C—OH + O — C— H 

Formate ion 


Methanol 


H 


H' 


O 

■: 


NaOH 


0 ~Na+ * HO 


Sodium form 01 c 


i 





*V' \ 


tudyl 


9.4-, 


W&illfFo SiUdMlIi 


A » * *' 
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to 
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5) HALOFOBM REACT/O 


3 


* On'.v ULVlalilehyifo anil me thy ketone' 
u > giv c halo lorn i {.ch loro form bn nr-nfc • :i ■ * 


■j.ir 


C* 


0 


dLEO 


0 

1 

I 


C CH, + 3X; + 4NaOH 

R = Alkyl Of aryl cr H 


CHX ■ + RCOONa + 3 NaX + 3Hc 


Haiof-Or 


Sod^m c.i'ncx dale 


t 


c- 

Acetai dehvde 


H + 3 + 4 ftaOH 


CH/ 3 + HCO ON a + 3 Wa/ + 3 H : C 

Jodofomi Sodium 'ormate 


CHr C— CH J + 3 h + 4 WaOH - CW/j + CH^CO ONa + 3 Nat + 3 Hj 

Acetone Iodoform Sodium acetate 


Then 


Secondary alcohols containing the methyl: group also undergo this reaction. Mth.ar.ol is me ::oly 
akohol that gives this reaction. 


oh 


R— CH-CH, + 4t 2 + GNaOH 


Secondary ateohot 


CHI Z + RCOONa + 

Iodoform Sodium carboxyl ate 


5 Nat + 5H -' 


H,C — CHr OH + 4 1 2 + 6 NaOH 


Ethanol 


CHI, + HCOOWa + 5 War/ + 5H : : 

Iodoform sodium formate 


* Halogen reaction, is a convenient method for converting a methyl ketone to a carboxylic acid contain^ 
carbon atom less than parent compound. 


IODOFORM TEST 


and 




* it is habfrom. reaction in which iodine and aqueous sodium hydroxide form water insolub ;e 
fa yellow solid), 

* iodoforum test is used for distinguishing methyl ketones from other ketones. 

* J[ is also used to distinguish ethanol form methanol and other primary alcohols 

* If can be used to distinguish acetaldehyde from cither aldehydes. 





-V*. «t'. 




r* .v JV-ET^r- • T 



. Tv l -- v- 

I <«* „ TJ 1 ^ . 


www. topstudyworld . com 




i 


TOP 



Ti e Ukiirt.dfe WjiW "i> SiUdei il'a 


■ j»*- - a 

- r . - 

SEpM x~. ' 




£ff g J9' I?nrf fU'[ci-n*j 


tHj 


( 'flli-Lf,- C' .III Tilalfy F . ,k r.ll .'l- :■ I I'll ff 


£r,c ‘ Kl ^' ' A ' : " t - ! ’ i COTntlim, i ,T: ” v ■-'<- :: '-' : 'V 0\yor:-. 

* H incrtase5 the electrophilic character of the carbonyl carbon one me attack of me soaker nucleophile on the 
electrophilic carbon becomes easy. 



\ 

{ 

/ 


5 + 5 ■ 

c=o- 


+ H 

P rote n 


\ "X 

C^O— H 

/ 


\ 

■* ( 

/ 


3 ; 





There are three types 

( 1 ) Polymen/.alicn 


OH 




{21 Addition oi ammonia derivatives 
( 3 ) Addition of alcohols 




S’ 


(J) pOLYMERtZAWO 


Both SSkhyd^d acetaldehyde polymerize in the presence of di). H SO; to give meiafarmaldehyae 

and paraldehyde 


(. 


3 HCHO or 

Formaldehyde 


H-cAl H-C-H 

' .? c 





c 

I 

H 


O 

/ \ 


C-H 

K ; SO, 

h-c-h 

X 

H-G-H 

CH, 

CH Z 

II 

►- 

J 

1 or 

1 

0, 

o 


H 

Melaformaidehyde 


CH- 


J ^ 3CH 3 CHOor 

Acetaldehyde 



O 

H 3 c- C^H H-C-CHj 
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Audehyces. and ketones read with, ammonia derivatives, G-NHj to form compounds containing tire 
^ ' 3 ' The reaction is known as condensation reaction or addition-elimination reaction because 

• are- add .nor. occurs. The general reaction is given below 

O i- OW // 

t^L-G == J-l- e C=W— G + 

\ Ammccia or \ 

arrrroma derivative 

Amino alcohol Condensation product 

Aldehyde (Unstable) 

c r '-etore 

Specific Examples: 

Some commonly used ammonia derivatives are hydroxy famine. NH 2 OH. hydrazine. NhhiNH?. phenyl hyd:?; 
S, .HTIHmK 2 . -f;rr->.: r baz;de. NHsNHCONH*. ar.d 2 ,4-d i n itropheny I hydrazine , N H^N HC c - H j i NQ 3 ' ; . 

Kt.Af.TIQN r A-!TH HYDftOXYLAMINF. 

A-dehydes ar.d Ketones react with hydroxy lamine to form oximes in the presence of an acid. 

G ^J + CHj 

0H ~ — ** ^C~W— OH + 

^ Acetaldehyde Hydroxy lamme H Acetaldehyde oxime 

or eihanai or ethsnal oxjme 

CH 3 /'ll 

\ r 1 u* 

/ C — !. 0W ^C=N OH + H t O 

Hydroxylamine f*|-| . 

^ n 3 Acetone oxime or 

Acetone or propanone oxime 

propanone 

HEACJIOH WJTH PFf JR WV|,H YDRAZINf. 

Aldehydes and ketones react with phenylhydrazine to form phenylhydrazones in the presence of an acid 

CH) CH} 

C —{o + ifiw™ NH-Ph H* „ "v hj fclLJ „ 

/ „.„5 C — !N— NH-Ph + H^O 

H Acetaldehyde Phenylhydrazme u ,. 

wa(hM * I ** Acetaldehyde phenyl hydraz one 

w et 13nai or ethanal phenylhydrazone 

CHj 

H-Ph ^C == N‘ — NH— Ph + Hl O 

GH ^ 

J Ateloneoy CHj 

nronanorw Acetone phenyl hydrazorie w 

pnj.anone propanone phenylhydrazone 
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ch 3 

X 


'C^O + NH- 


H* 


CH 3 

\ 


/ 

CH 3 Acetone 


Hydrazine 


c=n — nh 2 + h 2 o 

CPU Acetone hydrazor.ft 


irthvcii 


''H ’SZZrrt fiN WITH 2A-lJtNnR0PHEmhV0RAZME r .... 

Aldehydes and ketones react with 2,4-dLnitrophenylhydTaifioe to form 2.4-dmitcophenyjnydra2one 

presence of an. acid- 


./ 


H Ace'aldehyde 



M 0 3 




CHn 

\ 


C=w- NH 



CH, ^ __ 

^ -• / 

no 2 h no 2 

^^^'^-™w enyl,hydra7t, " e 


NO ? + 


gh 3 


/ 

CH a 


Acetone 


CH; 

K 0 2 C— N— MH 

ChL 

NO, 

,'2 4-Di.nitropheny l)hyd razine Acetone i2.4-dinilf0phHiyllhydrKone 
or 2 4-DNP H or acelon e 2 .4- D NP H 




no 3 + h 2 o 


2 |ll. e readier, con be r J5 ed ** the Wefl«Aoo«ion " <Me»yd* “ ketone, becmrse ^rnSroptenylh^rcw,^ 
^ | are usugNy yeJJoiw or orange 


HP 

zo^ 
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Mechanism of the Eeqctfon of flmmonlfl JeHuatieM 

&ep I: Protonation of oxygen of the carbonyl group. 


hP 





iP* 
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O—H 


C — o- H 
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Step 2: Nucleophilic attack of n Ltrog.c?: of amrint :• 
deproton ation of the adduci 


\.^ ' 

C — OH + 

/ 


H 

■ 

I 

N G 

H 


H* 


OH H 

r\ 

c- 


N^-G 




H 


-H * 


OH 

C N- 

H 


Stnp 3; Prolonakon of oxygen of ’"cd: . :•• • _p :•••.. \ . . . ' • 



OH. 


V! 


C-pN- 

H 

H 



N- 



(3) ADDITION OF ALCOHO 


T 


. Aldehydes combine Uriih alcohols in the presence of hydroyen chloride gas to form acera's The hydros* 
chloride acts as a catalyst. 


CH, 

X 

^C—O + 2 C z H 5 OH 
H 

Acetaldehyde Ethanol 


CH, /0 C t H, 
c 

/ \ 


+ h 2 o 


H 


OC 2 K, 


1,1-Diethoxyethane 
( An acetal } 


™ ay 1 be U5el) 10 P™ 6 *' ,he alcle ^- de 9™P againit alkai.ne oxidrztr .3 
aldehyde, the acetal is hydrodysed in the presence of an acid. 


agents. To regent 


CH, OCM. 
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Overall a simple nucleophilic addsnon can be represented with curly arrow* as follows: 


\fi + 6" 

C=^0 + Nu 

/ X* 


\ / 

C 

/ \ 


O' 


Nu 




\ / 

C 

/ X 



H 


\ / 

C 

/ \ 


oh 


Nu 


Nu 


O ! IS; 


HO 


• , :, •.■■•> impuitrmr resonance 




The reactivity of aldehyde- and ketones ■.. w *v ■. ■ ■■•' Miion,:..% .: 
contributor which has charge sopaiaiion '.uth a • ve C and 

-ve O- In general ihe re activity ogj^owatds nucleophiles is ^iJehydes > ketones '.see be ow; 

The substituents haw two co ntnbu v - y I'L fpp on the ac a m he cl + ■ - 

( J > .Size oj the substituents nr : '■ . >U^-' C =0 ^ \ 

Larger groups will lend toQHjcally hifiWj the approaclOHyrt MwChtpl.rle 

{2} The electronic effect of ihs substir-icnt 

Alkyl groups are' weakly electron donating so they make the C ir the cat bony i ws.< eicclrophihc and 
therefore less read we towards nucleophiles 

Thus the reactivity order is 

0 O 0 

X > A A 

k^h r- 'K R R 

These trends art supported by the trends in the equilibrium data for the formation of hydrurt. 






1 *1 

Carbonyl 

K ?1 

% Hydrate 


methanal 

_41 

99 % Hydrate 

Carbonyl 

cthanal 

1.3 x KJ - 

&0 

2.2-dimethvloropar.al 

4 I y. 10- 

19 


prapanone 

2.5 ^ 10" 

0.14 


(K = | hydrate ]/'[C-Gj 

Thus, methanol has high value of K, so its equilibrium is appreciably goes to the right. 5 fence, it is most reactive 


{REDUCTION OF ALDEHYDES AND KETONES 


REDUCTION TO HYDROCARBONS 

O 

\ 

'X 


|R1 


CH. 


R 


-R 


v, 

• t fi— f c-J~ • 

f-* 'Jrj!** 


K riHPW I 


Oj 

; .' sjr, . , '■ ■ X 


[py /-yWlTl 3r ? k.T . 
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Cfemmensen Reduction {OL-JifF-t ciindHicms) 

* Znl.t 1 c in HQ reduced the C -0 into -CH : 

WoJjff.K Fiercer Reduction (basic condltJcmsJ 

* NH- £ NH : KQH ethyleneglycol a high boiling solvent' reduces the C=0 into -Otj,- 

Gverview 

* These reduction methods do not reduce C = C . C=C or -COjH 

* The choice of method should be made based on the tolerance of other functional groups to the acidic :■ 
basic reaction conditions. 


HYDRIDE REDUCTIONS OF ALDEHYDES AND KETONES 

Hydride reacts with the carbonyl group, C = 0. in aldehydes or ketones to give alcohols 


H /C ^H 


NaBH t 
+- 

or, UBH 4 


OH 


H CH-H or CH.OH 


FT 'H 


II 


R, 


NaBH* 

orliBH* 


NaBhk 


or UBH* 


OH 

R — CH, 


R- 


OH 


■CH — R, 


Aldehydes and ke lories ate most readily reduced with hydride reagents, 

The reducing agents LiAlH* and NaBH* act as a source of 4H‘ [hydride ion). 

Overall 2 H atoms are added across the C-O to give H-C-O H. 

The substituents on the carbonyl tell the nature of the product alcohol. 

Reduction of methanal (formaldehyde) gives methanol. 

Reduction of other aldehydes gives primary alcohols. 

Reduction of ketones gives secondary alcohols. 

Tl>c acidic work-up converts an interned, ate metal alkoxide salt into the desired alcohol via a simple *' 
base reaction, 


(I) USING CARBON NUCLEOPHILES 


CYANOHYDRIN FORMATION 


Cyanide adds to aldehydes and ketones to give a cyanohydrin. 


R: 


\fi+ 6’ 

c=o 

/ 


6 + 6 - 

H — CN 


R l OH 

\/ 

C 

/ \ 

CN 








m 


full'r^- C:fn-mb(r V Frdrrtir Hoflfd- Pw* |J 


, The reaction is usually carried out using NaCN or KCN u ith HC • ■■ 

* HCN is a fairly ^ add. but «ry toxic actional groups .-CO H 

, The reaction is useful since the cyano group can be co , -nit 

or -CH;;NUj 

NUCLEOPHILIC ADDITION OF CYANIDE JO AN AID Li Vt DE 

C in E he cyanide adds to ft. ***** C m the polar carbonyi group, electron, tam the 

C-0 move to ihe electronegative O coaling an interpolate ai 
“ — ■ — H 


H 


V'e ' „ _ \ / 

C =0 + H~C=N — C 

/ \J / \ 

CH } CHj cn 

base reaction Probation of 0 * efcodtie ^ ™ ***** prodUC '' 


c 

/ \ 

CHj CN 



H 


tf 


\ / 

C 

/ \ 


OH 


CH- 


CN 


(21 USING NITROGEN NVCLEOPWl 


undetao nucleophiiie addition wiih ^hydus or « *- 

carbinolamines which then dehydrate to give substituted "nines 



OH H 

I J 


C H s+ + '-Ntt—R* 

_ i' j 


H + 


1 i 


Rr 


Primary amine 


Rr c f 


■W — R 


Aldehyde 
or ketone 


Ammo alcohol or 
Carbsnol amine 




X C=N— R-i* H *° 


/ 


Rz 


I mine 


* The reactions are usually earned out in an acidic buffer to activate the C-O and facilitate dehydration but 

i without inhfoiUny the nucleopnile. 

»t; . Siwew of (he general type H.N-G undergo this type of reaction and cart be used 
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m USING OXYGEN NUCLEOPHil 


F’«riTKJj.ffjn of Hyirata*, 

A . 0 * 1 ' /'A:'. '■ - z. 




hydrates 


Q 


+ 


0-H 


R 


R-, 


H 


i OH 

R; C OH 

R. 




* In genere! hydrate 1 . *re not hiab.eeno^cr: :o w :sc..3.k ~ 

* Howe vet . r.> rirsa' te ■ a- • e * ' e react : ve species r. :r.e o d a'; :or of &' - e 

* Understand inrj the mechanism is useful before looking at the v ety e . v ■ ?t,Vj 

MECHA/VJSM FOR THE ACID catalyzed FORMATION OF HYDRATES 

Step 1: 

An acid-base reaction. Since there is oiciy i •-•. ea/ p.jrieopmle we "eec to set: - - - - - 
protonating on O 

Step 2: 

The nucleophilic O ir. the water attacks the electrophilic C in the C-C b reart.i'g t " 

electrons to the positive O . 

S(ep 3r 

An acid-base reaction Dep rotor s: o: the oxonwrr. -on neutralizes tne chaise giving rhe 




■OH 


H 


/ 


CH|-C — O 


C H 


■ ■ 

H 


B 
If 

■OH 

I 

CHj— C OH + 

CH„ 
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Cnllrae C'Fj.'mJsrry hr it rr at Board: Parf-tl 



pfllpATlQ N OF ALDEHYDES 

^ js^jld oxidizing agents like Tollen's reagent. Fehting’s solution and Benedict's solution easily oxidize aldehydes 
-g ciubOKylic acids, 

t They ate also oxidised by strong oxidizing agents, such as K .CuO-. H SO-.. KN*nO.T 1 SU^. and dilute nitii< 
add. 

( The hydrogen atom attached to the carbonyl group in aldehydes is oxidised ”.o OH group in these Teaction.>. 


CHt- 


0 



0 

1 

fs 

-H + [O] 

K 2 Cr 2 0 7 / H 2 S0 4 

► 

CH— C 


Acetaldehyoe 

0 


CH r CH r - 


Piop onaldehyds 


H 


[OJ 


K a Cr 2 CVH z SO, 


Acetic acid 


CH— CH^C- 
Propioruc ac.d 


OH 


~ Ketones are only oxidizes by strong oxidising agents such as KjC^O?. HjSO^. KM U^bSO* and .ji„. 

HNOj. ... , 

* The carbon atom joined to the smaller number of hydrogen atoms ts oxidised. 

. [n «. of symmetrical ketones only one carbon atom adjacent w the ea, bonyl group is oxtdtied and ~i-ctu.e 
of two carboxylic acids is always obtained. 


CH— 


O 


CH, 


3 [ 0 ] 


K a Cr 2 0 T / HjSO* 


Acetone 


CH— C— OH 

Acetic acid 


H— C — OH 

Forme acio 


. However in case of asymmetrical ketones, the carbon atom joined to the smaller number of hydrosen 
atoms is preferentially oxidized and the carbonyl group temma with tne smaller alkyl group. 

n o 

0 

K t 0r I O T t H.SO, 

CH^-C— CHrCHj + 3 I°1 


CH— C 


Butan-2-one 


-OH + H 3 C C 

Acetic acid Acetic acid 


OH 


SOME IMPORTANT CONVERSIONS 


(IJ Acetone into alcohol 

HjC 

\ 5 " 


CH, 



ether 


I 


+ 


,.--T 

NOpH 


CH, 


CH 3 - Wg— Hr * 


tUC 


Acetone 


CHj-C— 

Lh* 


CH r 


OH + M< 


/ 


Sr 


H 


CHj 

2-Melhyl-2‘prapanol 
or i butyl alcohol 


ON 




TOP 



Tj!%I4J:ln idle VV ni»J 




* v 12 .1 ln - >■ 


ch — r> : c — - h 




.■'Tpsr?C"t :"Xo ^-pfOpjnoV 

o 

c- : — c — ch 3 

-"■~a “~e 


*5 MethsjwJ inlp ftbsncrf 


LIAIH. 


LiAEH 


oh 

1 -Propanol 


OH 


CH^—CH—CHj 
2 -Pro panol 


Cvtivitf t.'Ai'mteirjf l i-fU-ral tlwnd. pi <Ir( 


H ^ 

Melhana or 
fornr.aldehyce 


H 

^ HQr-H 

CH r C — 0~$gBr / + * 

i n 

H 


*W>t 

ch 3 — cHj-oh + /o; ► 


o 

II 


Eif ano 


HjSO a 


CHj— C— W + 
Etfaanal or 
acetaldehyde 


ch 3 -ch 2 -oh 

Ethanol 


4 


f t7 £tfiienpJ Into prepanane 


'h o + ’ 


CWj 

CM.-Mtf-ar 

H ^ 

acetaldehyde 

KjCfjQj CH 3 


CH, 

\ 


i CM- OH + f°J 

CHj 

S-propar^i 


\ 


CT/, 


- 7 — **'■ WCA-/V 


chj— c — a'iMger 

i L ' 

H 


CH 1 


CH , 


^ S-propancI 

H 


QH +M 


H SO^ + 

- * f'H 

^firopanone 


/ 

* 


(wlj 1 fJltniijiJ Into 7. - [ j pr,i [j rt f | r>J 

w,c 

' 0 fl + ~ A o’ 

H t C ~ Mt r Br+ C=Q *«»C 

*/ 'yJ 
Acgtaidehyde 


CHj 

[ 

C~~— O MtjBr 


H^O 


H 


CH 3 


"yC—C—OH + 


Sr 


H 


OH 


2-Prqpanol 
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SE 


CnJJ# 


hr.nii'»m f reared J- .v r H 


flJrffl'f 


6 + lV~ ids h sc 

Hi C^CHj + H~OH ‘ ' 

Ethene 


H-C — CHj-ON 


t , har'' 
— ■ ■-“ 


CH 2 -QH + [O] 
Ethanol 


H jC— C — ,4 

Et^a^a c r 
ace* a ie 'yoe 


+ 4-0 


^thanal into pthana! 


k 2 c%o, 


Wj c — oh + fOJ 

Methanol 


4 — C — H + H : 0 


H ,EO d 


Fo r n".a deh t (3e 


H 


H 


O' 


\ o’*' 6 “ 


; — Mg—Br 


elher 


pc ■ 


/ v> 


H 

Formaldehyde 


HjC — C CT M 9 Br 
*> 

H 


4 


+ 4 - 04 : 


/ 


Er 


HjC — C 4 r 04 + Mo 
Ethanol 


04 


NJjCr.Oj 


^C^-CH 2 -04 + [°i hjsQJ A ^ Ethanal 


+ 4,0 


Ethanol 


i * 


SCIENCE 
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urs UI tiCOs e ana r r wm*™- . - tp . . .. r , h r . ™ n ai id o:vy ge ri u i t'h 

**rrs « *u«e» tasting sotuW^boM^-^ ^ are compel of carbon, M- »r 


aibohydrates derive their name lor in contain S or 6 carbon atoms in 

I and O in the ratio of 2:1 as in w**- or b****- '■«■ LOn - 

fa ™" + — " ich » 9luCOSe “ T ~ ' rh>rk | B molecules joined by die elim, natron ol a 


■ w ru vin me lanv’-t - 

tarosaccharides such as glucose mi 
^It molecules. L ^ r Q f two 

Saccharide* such as sucrose con. • Monosaccharides unis ~- *<* ’°a ethei Tf * 

molecule of water. , , r . ma de up C)t f/wP exhibit opifcal isoiv^risrr. 

Wharide* such as stanch « mo|ecule . They *«S*» and disaccharides is the presence oMarge 
**OttCe^^ ^ tLiure ot Monosacc hydrog en bonding, so they are 

^ most obvious feature of the stmctu ^ ^ M pac^o V c8tbon atl)IT , ln the molecule is 

“ember of -OH groups. These give ^ g rt>lip5 on 

Sfliids, soluble in water- The ptesen q[ sugars. . - y nd disacch 

**Wght to be responsible for the ^ cture of *« ^"^for hydros 611 bondin'; so they are hw ■ ilJ "' 

Hi PTLi r Ve+ aW. .E ju 10 ITS . _ O. laii QE cape 11 - 1 ?' 1 ■ ■ 


"e inost* bbvious feature of cap acity ^ 

"xmber of -OH groups. These give " 1 

^luble in water- 
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Lalte-pr C>-r^-istr. ftHf.i- ■'■■■•- 

UT.1 ; ,;? r"; I.." OC rf:". 


: .-.ecu.* -s ■ • 


• The presence of -OH groups on several adjacem caroor: :•• ■■■• 

for the sweet taste of sugars. , _ _ . . .. 

* Sugars also show many properties m solution ihai arc c - :ii , ' • -y >m * ■■ .... .. 5 . v .-u - - A 

gives a crystal ne condense io n compou nd - ::h 2.4-^sr ‘t op r.e:. > - n - “ ■ ■ 1 

structure of glucose contains no carbonyl group 




Fttm 

fluent 


mooMJCchirnit, 

*i6nt. ht*mt 


Strjrtjn 


Ot,OH 


0«\i nrniJ 


K 


0. 


BH 


OW 


il CL-gLL2Mt: M* 
ter dnsiiiV a- *rvd ^gbcost] 


frudsw 


monwiccturidf, 
kitm, htiOM 


ribttt 


m4MHauhlhdt, 
iktest, (Hfitcli 



iii frJt i-id honey 


tor pone rt oF tht rr-sU-'J^ of ribc ‘uCitf-C 
*cwj (RXA) iod i"iUriLn BIZ 


WWTUt 


uctn* 


■diuttiurldt 

diucdiirfik 

flutfhiridt 


V& OH 

— ^fhjetow 


— | glutwj l| 


3-L§jr ant, wflif b «t (axWWflty 
limply talkd '4^*0 

■TUft 


gU cost 0— 


riiJt 


itarrii 

cMIUbst 


(x4yucchir.it 

potyUccWid* 


duini of flues h umtj 
chiud of f b« St we itl 
(iMltti dirfrrtr.Hy to Dv« 4 in rtJiUiJ 


pLint rtongt Digam, t,f. prtito, fnrin 
s Ul rtL nl nuttritL of piinb 


The carbonyl properties possessed by glucose arise from the fact that in addition, to its normal ring form it car-, 
exist as an open chain form. 


Glucose - An example of aldehyde 


OH 


HO 


H 


°V^ H 

Nr 

1 

2 

H — C* 

! 

3 

C- 

I 

H — ~C — OH 
1 

H C OH 

I 

CHj-OH 


H 

1 

i 

<T 


CHj — OH 

5 

C- O H 

H \! 


CHj — OH 


l\ 


OH 


H 


H 

1 

4 

C' 


1 

5 

c 

1 

H 


HO C- 


2 


l\ 


OH 


OH 


HO C- 


H 


H 

i 

t 

C 


° v OH 

\! 

C 


H 


OH 


a-D-Glucosc 


D-GIjjcm 
{open chain form) 


H OH 

p“0-GluccKse 


(cyiic form) 


The two forms are readily inter-con verted and in aqueous solution about 1% of glucose molecules iN 
in the open chain form. 
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cti t fO TWi 

* T .s lOTTTl - " ■ - ■ V a /. V ; 

rimes called an s.: 

* Thus, in addition to the conden 
Typical of an a'dehy dv 

w reduction c i Fi hiisvj -* soi-j- 


^ • .. t ■ ■ . . . ■ i : ' r. -j n 


■P ^ , v ” v h'U'm! :v. . w 4 -. s 


- ^ nt: . ' li ■ , '■» T- L .'^n X 


ir s p- ; * -• 


tuV !l is o-ni’ 


;•: rvi’i ompenv 


. L j:ost' and othe: 


reducing Sugars 

jCfytto*^ - * sample of Kvlone 

1 

CH r QH 


H0- 

H- 

K 


Q—O 

I 

C H 

-C-- OH 
-OH 


HO — CK 

r 

i , 

c 

H O 


? 

■C 


H 

1 

n | 

c- 


HO 

4. 

— c 


6 

CH 


■OH 


HO 


H 


CHrOH 


|)-[ fUClOMT 
(open (■.tiJisn. f:..rrt1 


icy ic fer- 


f 'rue t* - c ^ th^T-r 1 


Why do P » thr nprn forW o/ t0 *? 

iTiT^uli 5 5w ■ 'ey' of the carbonyl group to undergo 

involved is the ohVjjcn Atom or tv ■ ■: “n- ~UI i g , : -l- 
additton reaction occur’- forming a nr'i 


DO VOU KNOW? 


* 40% aqueous sofufe >f lorrru " ‘ , . ^ 

* Anton? t» U’w/* L .y «r*rJ Junk-c' 1 !-- ' 4 " :r ■ 

* Fomio(dehj,Nr4f is u». , d as dwfe un ^ ; 1 

h FormoidWi yds is used I ft si h#t 1 " :T o/rrmr “ 


The nucleophile 
: \n iriVrTUvi nucteo! 



. ...' specie it'.- 


QUICK QUIZ-2 



CtHlFf 


JL*! J 


,elr general formula? 

(II Mfetf »n.u,. ..f «-*»»• . carbonyl gw, 

Oftonyl compound* «* *Ww*. »nd fa ' £* 0 * - . 

TJ* compound in 1U «ch eurbonjH 9™-P “ ** ‘ tJ "- 

q 

II , where R = H oi gr-- j p 

Their general formula is 


> C-O 

□tom ore collet 


’H 


The compounds in which carbonyl group 


is direct}? i waded ro r ; :r : ■ ‘ ■ ‘ " •"’• 


keu->r,es h ilies 


oompoimds C - O Spoup occurs uiilhin ctioirt 

■»• ■ 

Q : 

Their general formula is 


where R, and R* rtte alky I i; ^ 


PT 
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-. -* *F ’ ; *•■ ■ 


! - ; -v » js ■ : 4 * 1 .w. • 

i -. • - • "rf . 1 j* ' ' * / " \ .:. 


I VA* 

• • . ■ *• * • j - 
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r i .• ,■£ 
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t-rH H 19: AfiJefijhjf.j fl-mJ Kr^cnei 


sIE 


CtlMl'l?* *’ f |'| i -^n i -■ rj i. ■ Fi'iU'i ;| I| 


1 td 


(2) What types oj aldehydes used in Ctinnizrorn's renrifons 

Aldehydes having no a -hydrogen atoms undergo Canizzaro’s reaction 
e g. Formaldehyde, HCHO: Benzaldehyde. QH&CH0 etc 


(3} What fs CanniEzorQ , 's re net Jon? 

* Aldehydes having no u- hydrogen atoms undergo Canizzaro's reaction 

* It is a disproportionate (self oxidation -reduction!* reaction. 

* Two molecules of t'ne aldehyde are involved. One molecule :.* reduced into corresponding a -cq 
the other is acidized into the acid !in the salt form;. 

* The reaction carried out with 30 'h aqueous solution of sodium hydroxide at room temperature. 

0 0 


2 H-C-H 

Form aldehyde 


+ NaOM 


— OH, OH 

Eethanoi 


H— C — ONa 

Sodium format 


f 4 ) WWch types of carbonyl compound co«cJfidi.5tf to form nn atdol? 

Aldehydes having at Least one u- hydrogen atoms undergo A‘dol Condensation reaction. 
e.g. Acetaldehyde. CHjCHO etc. 


(5) What fs hafo/orpn reaction? 

Acetaldehyde. ethcmoJ, methyl ketones and secondary uico hoi's udfb ruethyi' group at a- cart an re.'.' 
hatogens (CJ ?1 Br 2 , T> (n the presence of sodium hydroxide to give halo form ( chloroform , hromofor 
iodoform) and sodium soft of the odd. This reaction is called hahform reaction. 


O 

I! 

Ch 3 + 3X 2 + 4NaOH 

R=Alkyl! or aryl or H 


CfVXj + RCOONa * 3 NaX * 3 H i 
Halotqrm Sodium carboxylate 


(6J Give ifre OXidaffcm of reactions of aldehydes 

* Mild oxidizing agents like Tollen’s reagent Fehlings solution and Benedict's solution easily ■ 
aldehydes to carboxylic aads. 

* They are also oxidised by strong oxidizing agents such as K^GrA, H^Q... KMnO.. I i.:SO ; . on.:.: .. 
nitric acid.. 

* The hydrogen atom attached to the carbonyl group in aldehydes is oxidized to 01 1 grout’ in 
reactions. 


OH,— 


j 


H + fOJ 


KjCrj0 7 ;H,S0, 


CH- 


OH 


Acetaldehyde 


Acet c acid 


(7) Give the reactions of aldehyde with totlen's reagent 


m 

* 


Aldehydes form a Mr mirror with Toiler's reagent 

Add lollen s reagent to an aldehyde solution tit a test tube and warm. 

A silver mirror is formed on (he inside of the test tube. 


AgNO J + 3 NH 4 OH 


p—H + 2[Ag{HH 3 h}OH 
Aldehyde 


[Ag ( NHjfJOH + NH 4 NQz+ H 2 0 


RCOOm 4 + 2Ag + 3NH 3 + h 2 q 

Siivej mirror 
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m m. M. 


! ^ and Krtereffi 


C' i iJJc ;r<‘ C Ji rmJ) ff\‘ /f 


|. ^frat fype-8 p/ppt. are /armed uihcn aictehyde reacts Liifh FeWOiff’s sopwlicp 

*. Aliphatic aldehydes form a briuk red — re :_• ;r; i ' 0=1 e with Fehling'* solution. 

* To an aldehyde solution, add Fehllng's solution and boil 

, A brick-red precipitate of cuprous oxide is formed. 

■ Ketones do not give this test. 


ft — C— H+ 2Cu( OH) 7 + NbOH 
Aldehyde 


boil 


RCO ON3 + Cu 2 0 + 3 H s O 

B - ck. Ted ppt 



* 

* 

* 


KEY POINTS 


^ further to caibox-.iii: acidsi. 

Secondary alcohols can be oxidized to ketones. 

Tertiary alcohols cannot be oxidized no carbinol C-H,j r^ueals 

The pioton.ation of a carbonyl give, a sm.clv.re that car-, be redrawn ,n another «°ne«a tom that 

the electrophilic character of the C since it h a cattocijkon. , , . , kewnw w give 

OrganoUthium or Grignard reagents react with the carbonyl group. C-O. in aldehydes or «... .. 

The^arbony'i croup, -C-O. is present in aldehydes and ketones, in aldehydes it is In a 1 * 

ZttZZS* u^Sphrlic addition. This is sometime folded by the elimination of 
a molecule of water, resulting in a condensation reaction. 

Aldehydes are generally more reactive then ketones. ^ polymerlM readily 

The tendency of aldehydes to undergo mic cop 1 . t5 Kctonei ore not readily oxidized 

Wdehydcs can be oxidized to on ^hbouriSg carbon atoms, making them more readily 

The catbony l group activates t ne hydrog c. .. ■■ __ 

substituted then those* In alkan^v^ 


exehcjse 



9 ntc ’ rbo r a Tf OCa ’ b0 "i^t^^> (c) sp* hybitdiwd (d) none of these 

(") &**» «■ r: P Tf bV alcohol (cl Tertians alcohol tt — of 

(aTPnmary alcohol ^t . cjMmuMHlM . j. r, an exa.nple o/ 

fill} Acetone rcac t* wth HC. Electrophilic substitution 

(a) Electrophilic addition ft wta iaulton 

, (cl Nucleophilic addition ;d)Nucleopi 

N Cm^SSSptaiOM fs not Stce" ^ (ci Ranvntdehyrle 

(a) Formaldehyde ' ' ' 'll bath ahfahyrf™ 

[») Which o/ihe^floielns "“S','* V .. . s rcagen ;t [cl Fehlmg's reagent 

U/^ngnardi ryatjent . V " '• ' f 

(rt) AtXiMiU«TB^d“d 0 n proif.ici / ( c ) ter^lcohpls ( dj carboeyiK ;ukK 

• - (al ^sSrasr ».« Mm NM “ 

(ill) Wrclrof *he/ollnwlcg i , , ‘ (clttutanonc u' ,iir' ’''''i ' ".I 

(a) Acetaldehyde {bl AC „ ' Which gfihen. reed bosh wUh tkBH, end with 

font) Aldehydes «id 

Tolfen's wcra« n ^ , , u _^. r Aldehydes only 

(a) Both aldehydes and ketones 


id i Triitieshylaoetaldenyde 
Id) Hen edict's reagent 






TOP 


C-tl # 13. Afcfrih tdM nrui Kflenes 

(c) Ketones or.'y 


i , l J 1 1 " 1 r" CkMI'"' / <■■'■■ ■ 

c Neither sTtfhyuv* no: kvtofios 


fix) Which one o/ the /oPoumg curl undergo AMof cOPldenNOnor; i = vn burn r t 

. . -t f-V-kJ -f' ' - . - ji n.y',1 i 1 1 " ""' I. ' 1 lO * Nil* 1 ■ N y I £H- L ■ ■» . 

Mdehvfie .. : b RcetaldZh^-e ..< L 


(a* F am aldehyde 


fx) Aido! condensation is not successful n iih compounds „ 

- , -- 1 — - — r. ■ — 1 — -j- r-1 HxuiriG a-fneltiVl Qroup iuj isum 

!d! Having no :i-hyCioger. L p having o-r.yvjTQ-ge'di ,f . . - ■ 


(xii PhenyHiydrarine ort treatment idffi cjortoni r compounds uith 

ta) Hydroxy! amines- -bTX^e^/.hyd;^-"'he 

(xll) Forfflflf4ffiyJe react w.fth NHj iu give? 

(a) TcLra ethylene h examine (M tetra ethylene tetramme 

(O Hfixa methylene tetra a -i trie 


(d) None 


d Cyc'onile 


(xJiiJ Genera/ JOrrHula of aldehyde and ketone 


tss 


fxitij Which ytthe following cat) be prepared Fa the laboratory by dty distillation vf ]HCOOhCai 

(a) HaC^CHj C,l> HCHO 

fxu) The colour of fadaforw is 

{b) Black ICJ Yellow 


.: C M 0 

iry be dry t 

cl Ci \ OH 


(a) White 


d)C i i >0 

f \HCOQh-Ci 

id' ch ,n io 

id) Blue 


The 


ya 


A - b*® 


v.-,’ ' : 


etecirc 


ANSWERS TO MULTPLE CHOICE QUESTIONS 


Id Ans: |b) sp 2 hybridized 


|il) Aire: (b) Secondary alcohol 


TV Carbonyl carbon 17 sp^hybrijed. 1: has three sp‘-, CH, Na,Cr.O, CHj 

hydrbidLzed orbitals for Sigma bcr.d formation and ai-Oj ^CH-Q** + [OJ ^ C“ O 4 

unhybridized 2pj orbiLa I for pi bond JOrtYialiOn 




H,SO, 


fiii) Ams: jc) NudeoiriiUlc addition 


Since CN from HCN acts as a nucleophile and aiiiicks or, 
carbonyl carbon So HCN addition is n nucleophilic nr' onion. 


(M Aiw (b) Acetald' 


(v> Arts: [a) Grignard reaflernt 


Grtngnwd’s reagent reacts with both aldehydes and ketones io 
produce alcohols, 


{viit An*: (dj 3 -pentanpne 


CanirzarO icny-on is given by ahehyr.. •• 
have aTydifogeii. Since, aceiAktehyy.L l - ! ... ■ - 
a ■ hydrogens so :l docs no; ■ I. er.:: ■ :"•• •,'■■■ " • ' 


(vl> Ans: { 4 } 


Primary nlcohoLs (p’Olcohols! ore oxidised io •;■ 
while secondar. alcohols arc on idized to cclr : ■■■ 


Ivllft) Arts: (b) Aldehyde* cml 


lodofoim IgsL is given by methyl ketones, i.e. the ketoiws which 
hauc a methyl group adjacent Lo the carbonyl group. Since. 3- 
pentanone has no methyl ^oup adjacent to the carbanyl 
3, so it will nul give iodoform icsl. 


!UUU 

(Ik) Ant; (t>) Acfttnldeliyde 


■■1 r j f M M ■ n . ^ ^ — - - * 

Aldol condensation read ion is given by aldehydes which have 
a-hydiogen. Since, acetaldehyde (CHjCEfO) has ot-lnyd rogens 
so it will give AUloL condensation reaction. 


Aldehydes are reduced by Nr BIT to nr ■ 

Aldehydes are al&O oxidised by Follc-n's reogi”r: 
ketones are not oxidized by Tollen's reagiiiil 


(x) An*: (a) Having no ci-h 


(xb Ani; (bl PhenylhydTazonc 


Phenyl hydrazine rends with a carbonyl compound to give 
phenyl hydrazine. 


Aido) condensation reaction k only giver, v : '- 
which have no hydrogen. 


ixil) An*: (t) Hex* methylene tetra oml** 


Anft: (at C„H f .,Q 


Since, two hydrogen atoms are removed and one oxygen atom 
is added. 


(kv) An*: (cl Yellow 


H H 


(xiv) Atis: (b) HCHO 


iHCOCypCa HCHO + CaCO, 


The colour of iodoform is yellow 
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D 
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CJL 


li’c UllftriSt 'AVjild "i BiLkletiCi 


. ' vi 


it 






Vi 


& isi ^ - - V^-- :V~ . •„ - V 1 t f . . .v X 


OJ * j* W Kri.w, Tf 1 

'■■in' ll hi] f I* iti** mi't'ihcin J vni jt/ UC\ ,1 if d ) th >rr ft? rtirbciml carnpOtunlji? 

Fuse Ml ~ 

(Fi" N^m- rs I'lfimitil fOmerted fn [.uedr arid? 


I. ,iJI< i,;r i ')li [Ill'-Jr 1 , I ri|jv.,|' l| 


■'ifd 


iffl 


k 


pi iiJ£ 




be* 


cpfl' 




o 


CH r C H^QH + ED} 


Mj •<. i -.0- 


Etr h v’tf 

CH, 


CH— 


conc H - SOj Acetaldehyde 


= — A/ + MO 






\ft+ ft- 

c=o 

/ 

H 

Aci'I.lLl^hyJe 


CH 


5+ ft‘ 

H — CN 


3 OH 


N-JlCN .'HCI 


\ / 

c 

/ \ 

H CH 

Ac el a dehyde cyanohydrin 
2 - Hy 0 r 0*y propanen itri lc ) 


’&$£. 

How 


i uidui^ 


itetem 


OH 


H,C CH— CA/ + 2 HO + H : 50 „ 


OH 

! 

HX CH-CDaH + A/H.HSO, 


lirctostry 
3e pr 


T-Hy d rev y props fie fiitn ! e 


2- Hydroxy propanoic ac d 
fLacfic acid) 


h" 1 What (s the addition product of Grlgntird reagent to formciteehyde . acetnJdefiyde and fc^InPiK? 

f uyrXV 


Id) Whuf Hafo/om^ reaction? 


' ®] ffott' 


Acetaldehyde, ethanol, methyl ketones and secondary 1 alcohols vjith methyl group at a-carbon, ivsdB ^ ^ 


halogens ■; Cl,, Br t , ],) m the presence of sodium hydroxide to give haloform chloroform, bromoM 
iodoform i and softium salt os the ac;d. This reaction is called haloform reaction 

O 

il 

CH 3 + 3 X: + 4 NaOH CHX 3 + RCOOHa + 3 NaX + JH;i 

Haioform Sodium carbosyiate 


R=Alkyl oj aryl or H 


U‘N,J _jVh(ch tj.pi of alcohph undergo iodoform reaction? 


^ Second ary ajcotiolieftirtammy tr.o methyl group also undergo this reaction. 


OH 


CH-CH 3 + 4f 2 + 6 NaOH 

Secondary alcohol 


CH!-, + RCOOHa + 5 Hal + 

ItxJofofm Sodium carboxyl at& 


5h; 


Ethanol is the only pnmary alcohol that gives this reaction 

A 


HjC — CH- OH + 4 1 2 * 6 NaOH 
Ethanol 


CHh * HCOONa + 5Na j + 5 

todofarm sodium formate 


•y 


•h) H , 


Fi 




fc iiv; 


firWV _ Hoip are nulhimo^ and ethanat polymerize J? 



, 9; Alt! hi "" and KrfOfl-tt _ CoJIf 9 * **"* *»* * l T '' ' 

' "~)~|i^|f faf Tnfl ^ <? ^'^ e J p nQt glut ufdol cpndew jfitJgTi wtrcHpri? - — _ _ _. 

condensation reaction;; tine cartJO.riy.1. compound must have a- hydrogen \ fi ydfo^en attached fo A 
atom next to carbonyl group) In formaldehyde, there is no a- hydrogen so it can|lC " J ‘ - ;U e <-l ‘ J "' 
condensation reaction. 


^~Gi^ lire meetings m of additi on of sorffurti bJsufphate to fc erpges. 

^""Pvfoe 323 
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3® 


Gu* detailed answers 


esfJons. 


It) 


tt'liot Is tfie react ivity of the ccrrb uriyf gro up? 


IjjT Hou; rvfll you p repare /cji-maldehyde cmd a e eigfdgfiyd c C« In d ustria l scale. — ; 

formaldehyde is prepared by passing a mixture of methanol vapours and air over iron o. 

TjotyWenum oxide or Ag catalyst at 500 'C 0 

F eo, HoO, 

2 h-C—H + 5^0 


2 CHjQH + 0 2 


5 D 0 J C 


„ Mm. acMUAvd* is VW»* by «**“ * in Mr ™«S P^** <***• «**» w * h ***■ 

I ^ q blonde pTOfriotor . Q 

PtJClj + CuCij 

2 H 2 C=CH 7 + 0 2 

Ethylene 


HjO 


2 h } C— C— H 
Acetaldehyde 


one. 


_ _ - -ill) Hou; fo rmaldchydv re A* u ' J A ,h ‘ 


fa) HCN 


;arbc" 't 
m. y 



i _ d 0 H 

V 

f H CM 


H 

Formaldehyde 


Formaldehyde cyanohydrin 
i Hydroxy acetonitrile ) 


fib) iHjSO* „ i f |,i 1 1 SO. to dive metaformaldehyde 

Fotm^fote polymerizes in the pr esence of drl 1 1,50-, S' 

o 

h-c-h 'h'-c-h 



H-C-H 


3HCHO or 
Formaldehyde 


„ 

C° 


HjSOi 


■c 

1 

H 


AA 

c 

i Metstorrmiidcnyde 
H 


JVaHSOj 


q — n + MnH SO 3 


H OH 

\ / 

A 

H SO ?.Na 





► — • ■ <• t ™ * * • r 


■***; *■ •* 



C..H * 7 s 4i l 0*ft)rt*i jnd Kflriwi#! 23 c - 

ffj define and e*pfam ,-itdot condensation atony with mechanism 

Page 32 4 

itij Give detail of halo form fraction Why it called so? 

Page 32 7 

(hi) Give fh# following reductions of aldehydes and ketones along wnt\ mechanism. 
faj NaBH t \b) Catalytic reduction 

Page 333 

(tv) What is the mechanism for addition of ammonia derivatives to carbonyi group 7 

Page 330 

(v) Which type of aldehydes give Canreiaro's reaction'? Explain with mechanism. 

Page 3?6 

(viji How do you distinguish a ketone and an <i!dehydo by chemical method? 


tehydes gives silver mirr or wl h T: • -►* igenc iphrle^ ketone do^r- ■•.;■' 


•lS**0 , + JVK^Off 


{Acf.Nh -}OH * "fH , vC , + M . 0 


c H + i (A g I HH , I JOH 

ft.ljrfiy rt(y 


RCO OiVN 4 + ? + 3 **** ■ + H,Q 



Aldehydes gives red ppl with Fehlmg's solution arirJ Benedict s solution wh ile ketones does not 

“ - 


H t C <7 K+ J CwiO«l . + N.lOH 

t til-* n ;i 


CH ,COO.\^ + Cv } Q + J H ,0 


(vii) How witt you differentiate between acetophenone and benzophe none? 

Acetophenone is 3 methyl ketone, so it will give iodoform lest while Lenzophenone will not give iodoform’ 


o-*- 


C — CH 1 + 3 I + 4 NaOH 


CHI + 

IOfJoi<?rm 



ACQtGpl Itl-IKMHT 


COOfVa + 3Ndf + 3H 

Sodium benzoate 



+ 3/ + 4NaOH 


No Readier 


6en£0ph#norhe 


test. 


(vifi) Predict the formulas of the products of the following reaction 


(a) CHjCQCHiCHj* HzA 

o 


kif 


OH 


CH— C— CHf-CH, + h 2 

2’Butanone 


Pd r Pt or Ni 


CH r CW-CH 2 

2-Butanol 


5— CH. 
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1 9: AMrAyde# and KEiniin 

<b) C^COCH* + NHjQH ^ 


i 


CJH S 

CH a 

Acetophenone 


— -OH 

Hydroxyl rrnne 


H + 


(c) CHiCHjCOCHjCfij + HCN -> 

CHf-CH; 

\V 6~ 

0=0 + 

/ 

CH^CH* 

3-Pentanone 


5+ S- 

H CN 


c 6 h 5 

\ 

C: 

/ 

CHa 


— N OH + H s O 

Acetophenone oxime 


H&CH f HCl 


CH— CHj OH 

X 

CH 3 -CH 5 CN 

Cyanohydrin 



(d) CtHtCHO + KMi, 0 4 4 
0 

— H + [O] 


ter j 

c 6 H r 


Benzeldetnyde 


(i) KlYInCV OH 
*- 

(HI HjO* 


C 0 H— C OH 

Benzoic. BO £ 


Ctr.j CU,CUjCHQ + a 7 4 


o 


H' 


CH r CH r C— H + Ci % 

Propanal 


CH— CM — 


■H 4- HCl 


£/ 2-Chloropropanal 



-j-J jW'r 
#-#-* * 


• — * * -*• j* * «?■- 

x, C? *#* 




CHj-C CH-CH, 

2-Birtanqne 


CH r CH— CH— C H 


Butanal 


■ V 


CJf # ig : Ailifhydva and Kefonrj . 

Chemfotfy ttdcrol Board }* 

edicts the formulas of the conipouprds farmed when the following ore treated with the Gritjnard\ 
reagent [ methyl magnesium bromide, followed by water. 


Methanol 


6 6+ 

CHf-CHj — Mg— Br 

Etriyl magnesium bromide 


1 6+ 6 “ 

+ H — OCH, 

v> 

Methanol 


ether 


CH 3 — CH, 

Ethane 




Br 


Me 


OCH 


3 


Magnes urn 
melh&xv b r c.mi:i£ 


Ethonof 


\ 


fH _i: ® + *“6+ 5- 

t,M 3 CH^ Mg— Br + H — OCH 

\jt 1 5 

Ethyl m a gneis-ium bromide 

Ethanol 


Propopoiic 

CH, 

5’ 5 + 6 + 6“ 

CH r Mg-Br + C =0 ei^ 

CH, 

Prcpanone 

(Acetone) 


ether 


CH 


3 

E : 1 3 r- e 


CH 3 + 


/ 


Br 


Mt 


Carbon dioxide 


oc 2 h s 


f-agnessum 
ethoxy bromide 


CH 


CHj-C^ Q\MgBr H 

CH. ,r 


CH 


I 

ct ij-c — on + m 


CH 


2 - L . 1eihyJ*2 - p r opa nol 
1 a tertiary aicohcJj 


B t 



5" 6+ 


CHj-Mg-8r + Q=Q = Q _ether^ 


v 

Carbon droxide 


CH-C — OMgBr 1 


e : s* 

NCtrH 


— ON + 


Acetic acid 


-*.r 

sr L >*‘ >-.*■ : '“r 

■ - . »,/' .. * t j --" V j ~ rm y - ;•' . ~ • - 

i* * • .. "Tt >• v ‘ K.' \- - . 

- - r ; .; I . •■■ "v. . - ■»» t;j . . 

■• -j. -* * 1 *■■» :£"*■"+■ •■-**■ • *- ■ ** *— *-» Xji--v • - ■ 

EHEri ■ " 

- : r. \" • * MVat.-. • J* !P-#T« 
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£1^* j 9 : jflMe-hyrfeJ and Kriorwi 


Marks,: 65 


sEE 

OBJECTIVE 


CnJIriHH- CftfUtisUrj,-.' U'fkrfli LUmni' furt-H 


C SP 


D D; : !r :r: FT era'll cond i itor.s 


hi' 

I ni l 


Tljne- W Minules Marks: 17 

Ouef writing. cutting, erasing, using lead pencil will result in less of m;»rks. 

Q|. Circle Itic correct Option i.e. A.BCD Each part c*irk* one mark. 

The cartwn in carbonyl group ls 

A sp J B. so* 

The name of formaldehyde m lUPftC system. is 

A Ethanol B Methanol C. Metha imt D N -v o:\sV-.v 

Formal in is 

A 4Q“i solution of CHjCHQ in writei B - lutson of CHjCHO n itivtone 

C. -10 V solution of HC HO *5.75 s-oluv.Oi' ■ : jiitor.bl 

j W ) Which one of the foltouJing catppLgjv* cuuuhkqIs iiwytyjn 

A fWmald.c;hvd.-e V B. AcetaLdehyde C Tsaveldehyde D 1 i t-. -i-'-'I ' 

j.j’i Aldehydes are more rea d i ye iF.ar, ketone s because 

A sTeric hindrance ft hie”: C Borl i ~.i' and '!> D None 

|.ji| A canriisaro’s reaction takes place 

A. With same molecule of aldehyde B W;ih dtferem >l«u c : .tokhsdes. 

C. With MIC and different aldehydes 1 ") Wil ii neitha 

,\ii| Catalysis used Sot the | i .p.arm io :‘ i c ! fomintdehydi? : ■ 

A.. Ft ■ wbasit a B I VO. MoOj C CV eu. , . H A U-Hi jjhow ■ 

Aklol condensaEFon is no I successful ■* iih compounds „ 

1 ' - - - - ■■ ■ ■ c H*vinga mdliy! group U None 


D Nanc 

C CuruO xy 1: ; ■*£ u : s only i) A:!e! 1 . oor ;n •. - 

C Both " 5 N: : 


I A. Havin-ti th> g -li y dr o ge n R i I v- mg u-hydru->‘it 

> l!t ; Polymer oHanTiiildehydc :s called 

A. Meta fo mull did n,de B FVialdehyde C Roth a - : -i" :! •' 

! x ] ;TolLt’[V s lest is .died for i he dele; i ion of 

" " A. Aldehydes only Ei Knlu lies only 

|*i 'i ,• - AldoL^ond tisaiioii Is . "T -- 

V_- ATlectropililic H. Base catalyzed 

» Who d.wcoch, 

(jjii) Fhsnylhydraiine on treatment with carbonyl group term v 

A Ph*nvl hfc-draion.es B HydiOJiyl amines C 
W — «* h** -I formed ^,,, D 

A,. \ — — - — * 

(kv) Paraldehyde is a jxdymer of 

T ■ A Ar,t aldehyde R Formflidehy 


C Piopionnldohyde t> N 


(xvil 


Isopropansil cm irealmem with Cn;m du"0- L 

K h . . - B . Aceuildehyde 


A. Acetone 


C: Ellrane 


U (‘ mil 1 ' !<■ »!; 


I .xml) Which one of the follow-'ing can ujider^^L^£i] .vu i , . . ^ p Tr . , , ,,. . h . ,, • : *id« lie ■ :• • 

A. Formaldehyde R. Accra T _^_- 

SUBJECTIVE 

Tciial Msirki S«cli«n Ei and C.: oo 

nme: 2:35 Hours S(rciion _ B (M*rks 42 ) (14 K 3 = A- 2 ) 

W. Attempt any FOURTEEN parts. The to each part should not — * - & " ^ 

t , ^ mbin6 10 (cirm :icw compounds vuth or ^houi el m-nat. ■’ ■ ‘ - " ' - lk " 

(i) The reacuons in which two molecules ■ 

Condeniaiicm w , n be shown by ihw lollop 

a . Whai type oi conderem mn * in 


A. OV» hr U- CM OK) *» ^ ; - 


1 5 

1 5 


b. Write chemical equation 

. hutkotien qive CanniHaTa* readion 1 

« » •* f 

h> Distinguish between b*w&n ■ . 

w . rthow , ^nldehy-de in pn-scm : -l u:= r.i : =- - 

I in) SW wilhllie help oE mechanism ti 03 


M a . Wme t he formula of 2A^ & m^ldehyde &nd Eiyd, <• 


k 

hvd> iv:i 1 K' 


01 


h Give ihe mechanism ■ 




tBXSf**** , rz, r 
•• , :-sa 


.1 *■ JS-* 1 - ■ • gi _ • , j 

• ■ ■- -■*■• -f •.■»■-. ■« • 




Lfc.- >•. • . n* + • *■ “. : “ • 

■’jr'; , ij,;. , . 

^ .■ . ,_■** 7 , r . « 3 ■■ 

- '• 



r-if v , I ¥ ¥ 


■* p 


L ff V J 9: niid 






ColU'W f Jn'n;-Jvjf V 


Te Action t’KAHipli? ol liiiprttpurllOnAhtill TeACliOJl <jl ■ iKI^' 1 1 y 1 


ftt 


“" ' Out flent'uil nil-, h.smsns tor !tu" basc-urMlvscd nudcopl li l |1 "''' 


-ac.-ca»n 'f crirbonyl •••'•!•'•' •' !•• 


■ ' ! -i U hat is I '< ■ il ..'i V s \*sl " 7 /M ‘,ij , iilv | in - 1 1 u:1 ion 

I'- Co h 1 ,' til tin' l-LjnL- > acetone hyd^one 


02 

01 


■■"i ‘ * Rricn^’ e\irf ( iin the reactivity of carbonyl group 

^ Hovw Hi iitcl^Lck'Ilvdu be ]>TSJ|:H 5 Cud by She dry dislLlkalN n oJ fruxturt M i ■! 

1 5 


; r > 


.ixt a Whal is the (Men ■■. between -vt aldehyde and ketone ^ 
^ ^ hal i$ formalin f tow il tori be obtained J 


01 

02 


Ix.i a Discuss ihe reactivity ol ciiriwmyl group- 

b What lype reactions aldehyde:- mid ketone* usually under go 


] 5 




ixi' a How ci hydroxy aods arc obtained from aldehydes and ketones '* 
!" What is a halafonm reaction’* Give one example 


t 5 


.xj: What kind yi aldehydes arsd ketones give aldol condensation gives an example of each? 

c What kind ol aldehydes give eanizcaTO's reaction? 
c. Which aldehydes and ketones qive haloform reactions? 


0 1 
01 
01 


.xiiiia Wha( are acetals and how ..nu they formed? 
h Why kelOfie* d o no I undergo oxidation easily? 


02 

01 


xi\ i a Distinguish Iwm-een ethaiu>l end Pro pa none by a chemical tesl 
b How will you distinguish between elhnr.nl and propanol '■= 


1 5 
1 5 


im) * DeSCribfl WK?i ^ the oi ^ catalysed nucleophilic addition to a carbonyl con’ pound? 

A-y 

b. Whal is FehLing's solution lest'* Give chemical equation ^ 


:x.vila. Give lliicc sndtisInaS uses of formaldehyde, 
b. Give Ihree industrial uses of AcetaldeSlyde. 


1 j 
1 5 


ixvilja Give the mechanism ol addition of addition of HCN to Acetone 3 
b Write the applications of Iodoform lest 3. 


fxv' II ■ a Why formed ehyde do nut give aldol condensation read ion^ 

b G,ue aC ™ T ''' 1 ™ eth "‘ lism ot *" £ ' Ji *wn. ol ph*n* hydrazine loaMal&hvdev 


02 

01 


,xixl a. How nn ay acetaldehyde be prepared on industrial scale"' 1 
b. What is Benedict ■ olutton lest? 


01 

02 


02 

01 


Seciioi i - C 


Note: 
Q. 3 


*“'"**“ “" V ™° q ““' i0ni A “ ™ rks . (1 „ 


b 

■e. 


d. 


Q 4 


."“P"* .wtuilrial 

U, .t ,s U»j BiIa1lra , Wri1 . i:s mcchjni . 

How Icrmaid ehyde reads with follawinq 
|L> HCN :;i! H,S0* (itl| MalfSO 

“ nd ** •Ion, w „ h raKlBni!ni 


03 

03 

03 


a- 


b 


Wnte h i t-i.il /ini -nis of the following read ions 
f[l Canniaaro’s reaction 
ill] Addition of sodium bisufphite to aedeme 
How does acelalctehyde read with ih t . fon 0lJt .| 


04 

IB 


(J 1 


jiciuri: S'i!E of forrnir and .. 




• #- ** • * .ir . • % . T ’ • " - : t ’ r; ' . * . v 

• - - i ■’ •’ ‘ ‘ _ 4 ^ 7 'v- * ; - 

r * * c- ^ ^ ‘ ■ • • ■ - «'«.'. .. 

f •,/.-.•• ' - r ’ - . - 

«« ■■ -rr ‘ - -*» . . ....... — • 


n 1 -- •, 

W*k .. •• »• • • P 


■. ;'v 


jit*# * 4 * #l H ^ 


.d . Alekfijfde ■* a,,|d Kflones 

r* lJ rwt 

ji) CHjMg 1 (ii) KgCrr.O- . H. SO ,., •*. ,,,, 

Give the following Ted uchons of ^.Id p- r ’- " ' , , a ^ - ’ lv -' L NaQH 
{if MaBM* Lii) Calfidytic ^uci itJn ' * i11ld ^ trJn “ along uiih mc-c h unis m 



£. 


CoPFfgn; CPiH-jn^iry. Ftfdcal Bflard; part- ft 

03 


5. 


5 . Ho* mill you identify carbonyl compound, bu , 

(02.4-DNPt«t lii) Sodium bisulphate test ' 

fo ^’" 8 ° [ " K " 0n5 *"'*'« W™-. *« ™« Hi. 

v ^li!L CH^CHO ^^Ii l * 


03 


NaliH. 


(i) Draw the iLfuclurat^ctTiiiuLa of the cnntpuunr! V and Z 1X5 

(ii) Describe ihe appear&nc? oE the compound. X. Givi? Ms- name (livo quILiv oi The mrctieiTiism fcf the rcAChon o: I iltanni 
with 2, 4-DNFH 10 produce compound X (lb 


c. Give a chemical lesi by which you could distinguish Tbetween E : .iSilt;i ; md F’uip.wv 


d. How will you bring about (he following can w rsnins? 
(j) PnopononE inlo 2 -Propanol 
(ii) Methanol to propanoic acid 


01 

02 






«r f 




j > 1 . 


* *» >'*• 


1 V-.-ur ■* r i, 
• * ' ‘ \ .-•■ 



ry* • R r ■ " ■ ' D«r , ' ; 


CotltW f ' ■ l|,r T| & 1 
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CHAPTER # 20 


CARBOXYLIC ACIDS AND 


/ C X 

FUNCTIONAL DERIVATIVES R c ~ 


INTRODUCTION 



* cor: ■/- xh.tr con win uncsiona. g?o 


al qrouoln their molecule are called carboxylic a-.d*. 


'OH 


* AJ i p ha nr. ca rbo *>■! i c aci d s : .a re fee £»rbo>;y I group attached w\ t h an. open cha i n o' ca t bo i . a a ..- 

rr^-jn be rep rest riled by ‘he genera! formula 





C r .H Sfl+r COOH 


/ 


Or 


-OH where R~H or arty .:’ L ... group 


i awn ar« r J r;.r y_ compounds which contain more than one carboxylic groups in their moleuc.e i 
dicar boxy lie m .ck and tricarboxylic acids etc. are formed. 


NOMENCLATURE 


Common Nome,? 

( l ) Many carboxylif acick are known by their common names. 

f2) The position* ol other groups attached with the chain containing the carboxyl group are indicated >. :c 
Greek letters " jl cdc. 

(,V The carbon adjacent Jo the carboxylic group is called tile « (alpha) carbon. The carbon atom Ln ihc Cvuh ■■ 
group in not the <t carbon 

iii ° 


-c—6-l 


n 

G- 


OH 


Hie IUPAC System 


Aliphatic CnrboMjilic Atitlfj 
1. 


2 

3 

4. 


beic'C.t the- lorirjt'M carbon chain containing the carbrayl^mup. 
Change th^V 6i 1 h i ■ cor responding alkane Jo tak. acid" ’ 


5. 


Numbering of the carbon begins with the carbon of the carbonyl group 

S " 1Cl ' lhe “ rt ” xyl is at ™* i 1™“"' al ™w md. Ihorefote Ms pos.lion is , lol ment.oneJ 

Substituents are also named and their position is indicated. 


ivJ. ^LiS 

•~ J % sT. * *- 
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g 2tf c-tiJ Funrtlonnl 1 t>r rfE-d^n- .* 


t : ,V.-: F , t In in -.fj l JTV-dV ™T Boani: PnrI-li 


O 


o 


q 

i I 


H ^C OH HjC C OH 

\iethanoic acid Eethanoic acid 


H,C- 

' i 


Cl 


OH 


HiC 


0 

II 

£ 1 J 

■CH— C — -OH H; : r 


0 

I! 

CH— CHj-C -OH 


Sr OH 

2-Chloroethancfc acid 2-Bromopropar.aic acid 3- Hydroxy butanoic acid 


O 

It 




C — CH— itt— CH— C — 


■OH 


+ C/ o 

HjC ■ || 

\s z \ 

CH-C — C- 

7 i 

HjC 


■OH 


CH t O 
I I! 

H,C — OHj-C— C OH 


CH 3 CH; Er ” JT Br cH * 

2-Bromo3 ,4-dimelhy Lpenta noic acid 2'Bromo-Z-chloro-3-meihylbt;tanoic acid 2 . 2 -Diroeihyl butanoic 

names and the structural! formulas oi a W carboy'. acids are given be'ow. Boiling 1 ' :n * rtlM M ^ u '-' ! ' J 
^ abo given. 


O 

H— C— OH 
Formic acid 
or 

V-"" M cthano i c aci d 

b.p-> 10i°G 
m.p,, S'4°C 


O 

li 

HjC— C— OH 
A cciic acid 
or 

E thanoic acid 

b,p„ na°c 

tmp +J 16°C, 


O 

i 


h« 



CHj— GH j — GHj— C— O H 

n-Butytic acid 
or 

Butanoic acid 

b. P ., 164°G 
m.p. f — 5^0 

GH S * O 

V— OH 

Lj 

. .j 

Trimcihyiaccttc ac.d 

2 ' ! - Di, nSW=“‘“ u ' 

m.p-i 35'&°0 

O O 

HO — G^-C-Tp** 

q vahe acid 

Ethaoedioicaud 

nwp*, i a ® ° 

(dcoompd 



o 1 - 

CH,— CH, r C-OH 

p ropionic acid 
or 

P ropanoic acid 
b.p., M2°G 
oa»p«, -21 0 C 

O 

G 

CHj — CH — C — OH 
CH, 

[ jobutyric acid or 
2— Methyl propisioic 
acid 

b.p>* 154*0 
m.p., -47°C 

O 


c H s — c H I — CH : a — c H r -C — O H 


a— ' V aleric acid J 
or 

p etitanoic acid 

b.p«, 186°G 

m.p‘i — 35 °C 

O O 

It i 

KO— G— G-OH 

FAaioaic acid 
or 

propaiiedioic sicM 
m.p., 130-135*0 
(decomp* ) 









TOP 



... . 

li f; Ul in idle WoglUFi> 5iu4tfib 





Hi l 


i . . . - ^ 

. _ j, .wfe % i . --.■ . -i J .:•! V <3 t 

fit .iv;.‘ u - . ta 1 -r^V V-\; .v -«' : er * 5 £V ♦ 

. .»•*; yt- y**-- :f ^ < ■ * " - ^V j: *• *£ V. , . ^ ; }+„ * 

6. .\'^V4'As V'-.-'lw ill. 

s jasxu i&f; .’t-turtr «**«** .rSii-OT. - ; . aga 


•■ h * iV f ■ 


rrr 



O 

1 


o 


H O — G — CH t — C Hf* C— OH 
Suociruc mcul 
or 

Bniincdioic Acini 
m p T 


o 

r 

HO— c: 


0 

1 


— *-'Hf < Hj — C- 

G lutAric Add 

or 

F cnlAurtiioU *cid 
trup. , 97-7<>C 


>H 


o 


o 

R 


110 4:- CH, CH, -CH,— CH ( — O—OH 

-dspic *cid 

or 

H pjlaji ed i oie ac id 

mp.,lM ! r>9°C 


i^K.i’li- 


iVrio: 4' CotiM : 


:o ihc ncimc c:l rh 
i’-vo ca: bemi c;: . 


MO«f PRACTICE 


CH CHCHiCH iCOOH 

0 


1 


CH r CH CH~ C OH 


HO- 


O 

Ji 

J 2 3 4 

-C CH— CH— CH, 


CH 3 

2 y*!‘ • : . • ac : 


4 

CH, 

\3 

C: 

/ 


0 


OH CH, 

• h> -- F o * > - 3 ■ l> : hy tu anoi : ac .1 


CH. 


:CH-C 

\ 


■ 3 OH 

3-Mi»thyl-2-SLlenoic ac 3 


HO- 


O 

fl 

! 


CH, 


O 

II 


C CH r Q~CH r -C 

CH. 


OH 


O 

. . , , y 

CH r C=CH— CH— C- 


-OH 


OH 


3 2-i- - e: 'V pt*--.aneoc':.; k • 


CH. 


-Hr-' - j 2 -- &: r> ■/ - 3- pe r l &noic aci a 


0 

1 1 




4 3 1 \ 

CH=C CH-C- 


-OH 


CH. 


2'WettTy ■ 2-lxrty "Chc ,nc;3 


HQOC CH(OHj CHtOH) COOH 

HO CH— COOH 

3 4 

HO — CH— COOH 


^ 3 -D - jSrosyinj^an^i.OK: 305 


O 


5 4 

CHp=C 


! 


3 t : 
r CH=CH— C- 


OH 


4-Hy£iroxypenia-2 .4-o-ert ; 


O 

II 


HO- 


5 J 

CH=C 


4 5 4 

CH=CH— C 


OH 


OH 


3-Hydroxyn*)(adiefl«Sioic acia 



” . ■ J 4 - 

^ *9im Imm* 


■;r.rPW‘f 

. £-». .. -yt+^*' fc < T w 


— * 

, . i-Tfc. 4 Jfc 'iH - ¥ 
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[jotfyJrc act^S Jnd Fujicficii.n 1 

jt*# :C ' 


- 1 j j f i f I fh 

M^vp- Q an djQ-^ groups are polar due the alert roneoalivity difference of a torrid 
1 po^TP^ Br ^ Ihe O-H and C=G bonds results in the formatidTi of sire 
:. ., r^hnyvlic acid molecules or ether h .bondina systems te.o. water). 


i 


■ ■polar oanyrji.cn com me -n ang u=u oonos resuns in me 
b| _ r rarbo xyllc acid molecules or olher H bonding systems {e.g. water) 

^fhe results are 


C n.'iVac Cti- Til -f ir' y ! <'-^ r ,Tf ^ ° ar,i - 

V- C ■ ■ 

</ 

sir on [j hydrogen bonds - 

“ ' ™"“ — i 5 .. i'l ' “ 

. V 



ults are- 

o hKjber meltin g and boilin g points compared to similar alcohols 
0 high solubility in aqueous media 

n hydrogen bonded dimers in gas phase and d i mere or aggregates in ;>t: f e |K 1 U 15 


v\ 


rO 

-'I 

P G H 


B "?.H 


--V 


^TreCOOH unit, is planar and consistent with sp 2 ‘ hybridization 
l There is a resonance interaction of the lone parrs "oTi I ie hydrox yl 
nxvoeS w ith i\y€ □'syste m of the cai^STB S shown. if the figure. 

fb -ids ™ the most acidic simple organic 

(pKa- 16) HHPvrb*. the lower the pKa. the stronger the stebf^of 

do nation qt £ r otgc aad»W HCIor h r sa 

anion, stronger the acid. How they arc onlywealu ■ ™ B ofnenative chargstakes 

s The carboxyiate ion is stabilized doe to resonance ter,. 2). The delocal 
: place between two electronegative oxygen aton is. 

o 


HjO 




OH 


O 

_ II 


I t,o 


—ill 


o 


c° 


( 2 ) 




"'"q‘ R " ° electron withdrawing 

Adjacent because they withdraw negative cuargo a|,:1 

substituents focrease the acidity oecau* ' J 

lh e c arboxyiate anion riJpTf Curb oxySic Ac id ' n L R ^ 

^ 17 Dichloroelhanoic ac - , 0 , 

C ^MoryH 45 TndiLoroelha.ioic acU 

[ P ropanoic acid . C H -; h '' 3 6 N itroei ban oi e ac id 

| FluofoeThanQic acid CH*F CO? 


OjNCh CC:H i 7 


hiucroeli ianoi^ ° ■ CH , C | CC fcH 

Chioroethanoic ^-n - 1 r 


3 reparat/ons of 


(Jnjmajy 

Carbonatio u.Qf Grignards 
Hydrolysis CLLNitril.es.. 
ft Oxidation of I^ Aicoh-pl- 5 
ft Oxi datio n _of Aldehyde 
ft Oxidat i on of 


P 



r is 


I J.fi 
riu (Hi 

i > 

I! 

>• H 



!■ i. ' '■ 

m ^ 1 1 1 - 1 i i ' 

1 1 ,. tH*l -ll ' 
ii % L<l ;> 


'I / 1 


nil 
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1 , ■ 


\V= 


TOP 



ft V 


Tl-M. Ullli, 'AV.iiId Fq 5 imj>;rii , = 


i ^ ~ • - ■'VV’i'l -*■ ’’ Li. * w . i .• b- j_-- i < 

-t ^ ** . — ,4 »*• t . ,, .4 r* ~ * . - ► , -» *• , - -V-* -* 1 ' ^ i *' 

. ' • * k ■* etfc - *-*- * ^ ^ r -W . - 1 •- - y ■: • ' • •- 

_ ^ • r . 4 .% *»'* ¥ ' .... WVv . - 1 : f «• * *'* £ '' f. W * - - '» » *> - " ■* + ’♦ * " * * • *•■ >*' «• “ 


.4. -V N T • < / r 


r 4 • * ** 


•V *: ^ «*■ ■TC] 

r _'v *_ W J» * ■ 


: v'.iSte 


c ■: ‘ 


L H '* ■ -L S' hM % • 5; 


b 


f M * JWJ r 'i;hr:,/ l( .,, , fi ,„ J |‘ J r r :'■. 


rr? 


t'ViJTrjK' J-Vdr»aJ 


(I) CARBONATJON OF GRIGNAKD REAGENTS. 


jtran?irfl p ini ■ ■ 


,S L -. 


■1 


CH^- Mg- Br + Q — Q — Q 

J 


el nor 


CH - C — □ 


: Si- - - - ■ 

HO: H 


5* 


o 

II 


H 


■” CH ?~ C - ~QH + 40 


-rtf' kAj i! 


\C^S- ■ i i - 


(2) HYDROLYSIS OF N/TRI 


rp? 


The nitnies <iTi- 


►H in 


' / x 

R — C = N 


3£^. o 




R 


NH- 


•H ? 0 

Heal 


0 
1 1 

I 

C 


R 


OH 


f3j OXiDATtQN OF PRIMARY ALCOHO 


t: 


Primary alcohols arc fexicTiied 10 aldehydes and finally to carboxylic acids 




h ■• 


o 


\- v v - 


V - - 



CH— CH — Sh + [O] 

fctranc- 


K.CcO. + H.SC 

""‘■■fc ^ ■#_ i »• * 


50 C 


CH 2 — C- — H + H 2 0 


» 1 


\\ 


£\- <.. K " Vj ' ,J 


V\ 


' / •■ 


o y : "-’ vX 


o 


CH— C H + [O] 

Aceiaiden/de 


KjC^O, I H.S0, 


CH— C OH 

Aceiic acid 


(41 OXIDATION OF Ai DFHvn 


*/ 

«r 




V 


C - Aid ehydej arc oxid ized t carboxylic t scui> 

W v o 

/ V V 

\X 


/ ; ch - 


■H 


[O] 


K 2 Cr i O T / H 2 SO t 


O 


Acetaldehyde 


CHj-G OH 

Ace-tic acid 


(5j OXIDATION OF ALKYL BENZEN 


2 ? 


Alkyl tide chain on aromatic ring is Seized to canSbt^i 



group. 


+ 3/0/ 


KMnO t + OH' 


Heat, H 3 0 + 



Seozoic acid 
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t ?■: Carbivwllc ■■!»■ c-r-d l"^n<cfci(Taf n<Hq „-£!?<» 



C'wfJrfK Fftifial fivttid: run-IS 

/ By. — . — • — 

~ ' ' "' i t i-\ . \ ' ■ 

_ - 

. v • ; - 


r ■- 


*h« -arr . - SrO-^p shows :he chernstry or both ::v ceibonyl oli ) one. the hydroxyl l. -Of I groups 


i , !r. most t£ actons The carboy., I grou pds retain ed. 


i ■> 


„ Kowr.-c: teacr: . .r. o: these molecules is due 10 the presence oi carbonyl group. 




BRACTfOWS OF CARBOXYLIC ACIDS 


Cihj exy -C ac’.da undergo the follow mo Types of reactions 

,4 The r« action in which hydrogen atom of the carboxyl group .s ;nvpk ed '.sail :onuiUon ■ 

B. The reaction in which OH group is replaced by anolhei group 
iCj Tr.e reaciior .ohlng carboxyl group as ?, whoie 

^r^^iTacTdslxe weaker acids than /mm^ a when di^uivcd in water. ^ 




<_ : \ 

j s. 


0 

1 i r\ 

-C—Q—H 


\ V> ^ 


K.O 


II W + 

= R C — O' + 

'I GarbOJ^Iste ; op | 


£ - v\ \ 




o 




■jrv of A-etcT bhG , the prolan breaks away as I ion. 


in the presence 

^17 auctions wjt’H bases __, 

"Caboxylic acLd^eaci with bases iNaOH, KOH} to form salts 

cHj-COONn 

Sodium acetate 


c _ . -A. - '-■ '' 


CH.-CQOH + NaOH 


+ H.O 


' f "" wm 

- 2 CHj-COQNa + hfjO + CO ? 



2 CHyCQQH + W^CO-j 




c 


3'>!i-jrn acetate 


CHi~COQH + Na^iCQ, 


Ch/ 3 -COOWa + + cCf ;; 

SfxJium acetate 


' REACTIONS WITH MtiTAlS - Q M ^ l£> icjTm ^ ^ts Wilh the evolution 

Carboxylic acids reaci'on with ^ mt ■ 


o! hydfbq<>ri on';, 

2 CHrCOOH + 2 


2CH,-COO/Va+ H. 


M:xJ?iinn i-'!- Jle 


l. 


rrT;W 


: PREPAKATHJN «l Vf. jlt£ !»*« •' L ‘" 

W cWo(U, ?> nf 1 < • .minV." 1 * • 

Acyl chlorides by the rnw r 

0 


R — c— of/ 


+ so c/ n 


pyridini' 


- R 


£7/ + SO + f/Cl 


Ml* 




tl' 


ilhtf * Csh ; 
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if; fefB 

- , “ • . - ■•■ r - ! STftfij ' 

; : s&v- ■ * ; - < miss i * "* " ■* ■ ■ J ■■*•• 


"V * - m 0 m-m 


* m » ji "M ‘ 


*£*&+£ ~r ~ 

mASTv-TmT. r a ■_ TiT&yj ■" ] 



CH # £0, Cortoxv^c uCFtfa Hjndf f'unrSi'ormf ,D<vr i l a M lh- s 


EHj 


t ulli-rji 1 ( F|j , tJjJ , .*lr\ J •■'i'" ■' F- ! ■ i ■■[ i- 


(2) PREPARATION OF ACID ANHYDRIDES 


o 

II 

2 R — C 


O 




f3J PREPARATION OF ESTERS . ; 

Esters are obtained by refluxing the parent carboxylic acid with the appropriate alcohol wt an at Id 

l\ ^ O 


v V ^ 

OH + ft—Ofi 




-C_ ^ „ \ t. < 

*0-^'’ . - — 

* This reaction is also known ns the Fischer esterification 
V-"* The equilibrium can be driven lb completion by using an excess of either the alcohol or the ca -.■... 
or by removing ihe water as ii forms. 

» Alcohol reactivity order- 1 $ . It is due 10 stenc effects, Thu s, la rger the alkyl g r. 

lesser Ihe Reactivity. — - 

/* ••EiteisJ can also be made from other qatboxylic add derivatives. especial y '■acyl halides ortd ar . ■ ;;=■! r; -.- 
matting them with the appropriate alcohol jn the presence oi a weak base 


m If a compound contains both hydroxy- and carboxylic acid groups, then cyclic estCTS oN art ones 
via an intramolecular reaction. Reactions that form b- or 6- mem be red nogs are parti; ula^y favors la 


CH^— C — l OH \ 



CH— CH—dfrj 


Mechanism /or Reaction for Acid Catalyzed Esterification 
Step t: ,a 

The O-atom of carbonyl groups accepts a proton, This proionalion of the carbonyl makes ‘ 
electrophilic, It is an acid base reaction. 


OH 

Step 2 : .. — 

The-Xj - atom of alcohoHurictions as the^udeophile^nd attacks the electrophilic C in the C = d' 
are moved towards the oxonium ion and a tetfatredral iniermediaTe tc WiboH " 

Step Jr 
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■J i 

T n 





e r(J ^ acicfi ond FuncNijn-nJ JJ'L’rluiJit.rj 

Step 1 ' 


^ ^Lid base reaciicn occurs: The -OH is to he remote 
^^^ygrtsd it info a good leaving group by protonatiom 


C.hembiry-. Fcflsiat Hoard P<n/r TJ 

edTKowever. it is nut a good leaving group, therefore. 


&Cic| 


i0 


T ; ^ electrons ol an adjacent oxygen 

nnjiiii 1 * W> is produced . 


help x> push «!!' the leavir.a »'™P »* » ''■ eutta ' ' vater m0, " : ' lle ' S ° an 


(rf 


Step *- 


acid base reaction occurs. The oKonium inn is dep-Otonated to give t::e ou-i produ--. 


; 


: aroo*/. ; , 

tic alky. - 

fuihydrp 


tones^i; 

.vqrahls 





H 


a 


Sten-5 

1} 


0' w 

|Q' 


CHi-C — OH 


,-oc t H 6 

i 

H 0 _ I I 

all—< - 
■ 1 


H 


jHL 




ch^c-t cw 

■ U 


CH~C 

1 






c • I-* 

K- J 

'7 i ti j i 4- 

\ ' 
___ CJ 

f ■: >h; 

i H i o 






Step -6 


: 0 




+ | H 0 * 

CHj. ifl£« 9 

C Ethyl aceliitc 



I // 


£ 


a 



A 




m PREPARATION OF AMTPES ._ -— VTTCr~ A_ " T \< |^(XHU 


0 

1 

c 





R^ NR: 


+ 


H*Q 


In general, it is notjaSiQ2^^ r --^- - ^^^T^hefreactton is stopped viM, the carbonate ^ a 
and foe ammonium ton is not r. _ ^ ^ \ r\ .V V\ \$t<\ ' 


poor 


carboxyl ac^ to the more reactive acyl chloride hist. 




<v 


+ R,NM 2 


t: 
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■U>Ti 


( rjff'ijd' CA^mJsIVv ' | 


_(C) REACTION INVOLVING CQOH GROUP AS A WHO 


i i j reduction to alco hoi s 


a 


C V\ 


1 


Carboxyl tc acid5jrg.t educed to prim ary alcohols 


O 

11 

c, 

"OH 


H 


+ LiAI H 

I -— ■ 


R 


OH + H 2 Q 


S 


H 


Carboxylic acids are less reactive to reduction by hydride than aldehydes, ketones or esters. T\.>. ; -J 
acids can only be reduced by LiAJH 4 arid NOT by ‘he less reactive NaBH. t 


(2) DECARB OXYLA TION ^ 

\ Loss of carbon dioxide is called deeaiboxylatL 


ST\ Gt 


^■eSC , 


heat 


■ Simple carboxylic acids rarely undergo decarboxylation. 

• Carboxylic acids with a carbonyl group at the 3- {or jLi-) position readily undergo thermal ducarboxyk;: j 1 
e. g. derivatives o!' maloriic acid. # I Tr 

T 

rTfi 


fne reaction proceeds via a cyclic transition state giving an eno] intermediate that r. 


Step 1 

d %5T!rz ' he H r p o( cooh - - * 

eoncerwd nature 9 ' P ’ ' U " d C C bond * *"* brok « n and " -<>onds are formed. The nv.- ■ ‘ 



Step 2 


Tautomerizatfen of the cnot of the carboxylic add forms the ih e 





, ; i-Zi'Zrs.'S^V- - 5~TL: 


CH 


^ 2fl: CeiJibCi'Hi'^-ilie- •nrrd'.-s *irn1 runciroimf il«r fuif I'ne-. 


^^0 


CuJJfynr CftrrriJsfrjj. Ft-rfl'-Kif fittarcl’. P/iTt-U 


aABORATtON OF REACTIONS THAT INTERCONVERT CARBOXYLIC ACIDS 


The carboxylic acid derivatives are a family of closely related functional groups: 

0 Q o o o 




V 0H 

Cartx3x#t atid 


C, 


Cl 


R / \ 0 /-\ R 


R 


OR. 


( Acid anhydride . 

H=_ £>■ — 




R' NR 5 

Amide 


sjfvlicatid Acyl halide 

O (^) 

» Each contain a C~Q g roup w ith a heteroatom ali_acbed. Thus, these are different from horn aldehydes and 
ketpnes. 


f • TK5 "caa.*llbe ferepared from (he 'parent' carboxylic acid .On hydrolysis they afKconvert b ach to the parent s * 

carboxylic acjj^ " x 7 ^ = 

t They share a common reactivity pathway with nucleophiles called Niicleo philic Acyl Substitution 





/jtfPOflTAtfT 

The reactivity order Is acyl chloride > anhydride > ester ~~ carboxylic acid > armoe > rai 


REACTIONS OF CARBOXYLIC ACID DERIVATIVES 


REACTIONS OF ACYL MAUDES 


Cffl? 


. , * Acyl chlorides are the mod react ive of th e rarbo^Ojcjigd derivatives . Therefore can ber readily conv 

' Soother carboxylic acid deny ativgs- ~Tr-x i , " > c 

, Th ey react quite readiluiwithgdwat ^^nd hyd^lyz V to_lhe carboxyl aad, Tn <KU by-product ts usually 

cTTHrrovedby^ddingfa b^se sucIT'^'pyddine or tr iethyT 


amine. 


--“f 

Q 


-A 


O 

11 

,c 


hecf r 


R^CI 




FS 


R' 


O 

li 


o 


R 


+ HCI 


\ c-.,-^v>y V\ v 


W S 




to tb- 1 
e ^ ■■ 


-\Y 


/ic. 




pyridine 


R‘ 


R. 


k-: 


<F 

\ V V L - 


+ HCI 



0 

11 

c > 

^x + __ 

v"v . ' 

i 

H-O-H 

~ - 

R / C 

;. .H 

"■o' 

\ < \ ■ " ' '■ 

+ HCI 





3 


c 


1 

\cx 

R,N» 

base 

ps- 

R 

rt 

nr 

+ HC! 









--i. ■ - 


m 4 ~:. -i - -f - . • • : it' 

* 

- l j*fy 


www.topstudyworld.com 


asaWfcJ . 

1 *r seSZ ; ■ 



iClIllliidfa WtnlrJFc* SlLidvriC 




FRIEDELCRAFTS ACYLATIONOF BFAiZEN E. ';'_i 


Alkyl ary' k ei ore 
5 - .. A 


Acid ehionde 


Overall transformation / Ar-H to Ar -CORja ketone j % 

Named aSteT Frieda i and Crafts wtto discovered ..it? reaction 

Reagent, normally (he |acytTtaIFiJe '(e.g. usually RCOCl) with^ aluminum 

catalyst. t 

The PilCIa enhances the e tectropliillcrtyp f the ^cyl h akdg; by completing wM 
Electrophilic species: ^ acyl cation or acyfi^ 

"she ‘Lewis acid catalyst. a 

Fiiedel -Crafts reactions are limited to arenas ^s 
Other sources of atyliuin can also be used~such 
The reaction can still be called as a Nucieophiis 

It is Ijficause ovgtclII we have u fscrdsophile '.here the pT>oncl o. 

[chi oride j at th e electroph i I ic C = O 


trichloride AlC. d Li 


AMfDE j 


reactive thad mono- halobenze nes 


group 


HYDRO 


*®8*nts 


L r ’" 

e °«fon 

The n- 


'jd f K\R, 


REAC TIONS OF ACID ANHYDRIDES 
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Ch-iYi jtt CVit |?M> rr v trdrral JEdHinf. i'nrt-H 


Itt 0: Cefbow** actdi und D^Fl™j l ^ 

P^T ^n be convened m_tu uther 

l^rfVcTEfilF^OlTIOW- a ^ ^vCt Idjte parent carboxuiic acid (hudrolusis^ orami dgs. _ 

i .w.-. TTT^. - S &Sgp V FT- Trg ' 


'fjSTthfl ester with alcohol and acid cata? 

r: " t^wCK 






::X~^T 


y 




-V^- 


syo—u 

y _ 


^7S 

■‘.M L’^ \p 
-l \ 

pyridime 


O 




V 




-1" 


C, . R . 

"o' 1 + 


rn ;» 

V F 3 "VV r ‘ T 
V _ ', 

' \ ' '" ' .n '.. ' 

R’ — OH 


the ester ufith aql a cid or base e.g aq H ,S0. 


FZy 



oraq NaOH« s^f* hirbnkrsis of esters foe more details! 

jvjW 


R 


V 






+ r'-oh 


^[D£ P ffEF A KATJOW: ; 

Heat th/ esterWb th^ami n^ methyl or ethyl esters are the most reactive 

0 


o 


/S^ 


R,NM 


base 


R 


O 

NR 




■c 


R— OH 


Carboxylic estetsAydrolyze to the parent carboxylic acid and an alcohol 

Reagents: aqueous add (e.g. HjSQ<) heat, or aqueous NaOH heat (known as soponi/j catron :. 




heat 


O 


. H 

C ^ + 


R r OH 


5 „.. 0: vJc \- 




£-■ V 


r- C ' > R ! ,J 

ffon under BASIC conditions: 

| rii e mechanism shown leads to 11 labeled compounds and esters. oj__d lira i alcohols ■ "' 

f mechanism is supported bp ex^en^ten ,j ie ^ Mis 3TmakIng soap horn glycerol theate rs in 

l_^maction is known as "saponifi catio V_-— -- _-— — ” q 

■' '^mechanism is an example ot the reactive ^ slL - 11 L;rl ■ 

- ‘ ‘ .— — - - - . . c \V 


.V 


■■i ; 


V . , 


fteocii 


^lon \ un deicACfPIC con^w^ ■ , . ^Fischer es terificaiioa^ * V 

^ ^ h c ^ lvMd ™ Qh r s ^ yy s ^ <to»JS&U_ C ) 


—lanism 

; ^mechanism is an example owhe _ _ _ _ 


r v\ " 

\ 

i 

V 


\ < n 

— t L 

o c_ 


A 

A • H 


y*P 
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(f!f- 

. ^1 ** i“ J ■' ■*.-» - ~ — _ jL — i 

1 .- ... .-»>■. . . ■* ‘ ' --j r “. - 


I. . V / T. 

-w #• ■ mr *■ 


.- 

V l.-r 2 




^ ^ *T «w 


C JJ * £<J. Ci]ffciO-\~y lie Uf frf, flHd Funr(Fr>noJ tVrictffUi 1 ; 

REDUCT/ON Of ESTERS 


(, ^ij'Ji'tp- t'|l( 1,‘Jii-JA-i r v P j'.^J'rtif Wfanrrf- p 


Carboxylic esters are reduced give 2 alcohols, one from, the alcohol portion of the ester and a 1 alcohol] 
the reduction of the carboxyl ate port ton 


0 

I 


X 


Lj 

1 . -X . 

C X / R , + 

LiAlW 

4 

— 

R- 

— C 

0 






H 


+ R-OH 


H 


R 

v ' •, Liters are l ess react:', g towards Nu than aldehyd e ? oi j^iqncs - 
V*''* They can only be reduced by LiAlH^krud NOT by the tes$ rea ctive .NaBHL 

* the reaction requires that 2 hydride s JH '} be added to she carbonyl group of the ester 
\.s* The mechanism is an example of the reactive system, type 
Note the aldehyde intermediate 


*/ 


--.y\ % s 


, ,-X 

X vX* *• J- ' W 


-l" 


Step / : 


XM 



* The nucl eophilic HI *from the hydride reage nt adds so tliffi electrophilic C ib the polar carbonyl grouj 

the &Ti 


* The electrons from the C— O mov cl to the electronegative O cre.Lir.ij an intemiediatt?.’ metal alltoc 

,,; comfHejcTj — " ‘ *“ 



Sirp 2i 

, S X * T1 ldjeSra hed ral i ntejcaw diale collapsesj and d ispl aces, the alco h. o I p on \ on c r i he es ter as a I eavj ng grou | 


Xx * ThiTproduces aiTKldehyde a® an intermediate 

& XX v" 


:-X 




jL . ' ,•> 


vX" 


ie 



+ tf— AIH ,Li + 


Step-t 


o— aih 3 u 


r 

Strp 3 : 


CH 3 / ^OEt 
H 


O / 

II i: 

c 


ft 

Step- 2 


CH- 


'"h + et 


- Now tt^ajdehyde is reduced ) tbe^ cjeophilic H trom IhA bydride reag ent adds to the eW-ronhilie t 
Ihe polar carbonyl group of the yd dehvvfe ** " — “ ^ 


* The electrons from the C-Q move to the electronegative O creating an intermediate metal alkd 
complex. — ~ — — 


Sup 4 - 


r' 


This is the work-up st ep. It is a simple acid base reaction 




x- 


i 


. Protoration of the altoxide qsggm produced (pr mart a | coho i product from the intern* 


complex. 



r \\ xAVy-x, 


0 H 

1 


f eVvY^X tiLt ' < -^ 

— Cj\ I -'- — 


CH, 


/ 






Step-4 



<wtV V,,,. 

*■ i rsx cj\.t a yVl\\C_ 


^ vci 
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^p jpTTQN5 OF RU AND KM$X WITH ESTEHS 


CaJTr^e CAtmiff^ 1 : F^cffroJ Part-f! 


Carboxylic e$tsr$. R CQ 2 ft , react with 2 equivalents of org&nolithium or Grig nerd reagents to give tertiary 
alcohols- , \ 

Jm. 


~tr ' 


o 


2R Mg-Br + 








t 


°nR Li 


r; 




VciVva’ 


OEt 


R C — OH 


CxV-‘ W 


\ 



r' 




The tertiary alcoh ol that re sult s co ntains 2 jdentical alkyl groups (from R in the scheme] 1 

• The reaction proceeds via a ketone intermediate which then reacts with the second equivalent of the 
organometallic reagent ( review ' 

/% Since the ke tone is more reactive than the ester, the reaction ecmrcgi be used ^^preparation of ketones. 

* The mechanism is an example of the reactive system type . 


Medinnfsrtl 
Sttp i; 


• TheEiudeophiHc C-fn thd organ ometallic reagentjadds to the Electrophilic C ih the polar car bonyl gro up 

of th jjsteiy ^ ‘ ... 

* The electrons from the C=Q move to the electronegative O deating an intermediate rnetal alkoxide 

complex - 


Sf*p2: 


The tetra hedral ipierm ed iate cojlapses.and displaces thel alcohol po rtion of the ester as a leaving group. 


* This produces 4 ketonpas an intermediate. 

CHj 


CH 


\s + §- l r- + 

CH,- Mg-Br + c — T° CH -C-i-O MgBr 


i- s + 


2 . 


CH 




Br 


/ ^ 

OEt 

Ethyl acetate 


C 


OEt 


\ The nucleophilic C in the organometallic reagent adds to the electrophilic C in the polar carbonyl group 
of the ketone [o the electronegative G creating an intermediate metal alkoxide 


* The electrons from the C-G m0ve 
complex. 





ch 3 -g—o 

Acetone 


m 


OEt 


CH. 


;pi 

CH, 

CH u d *^C=0 .. elte V CH 3 -C— OiJ 

CH,- Mg-Br + , \j I 

CH, CH, 

Acetone 


_ N, 

"tr | s + 

HOrrH 


/ 


Br 


► CHj~C — OH + ftft 


H 


CH, 


OH 


2 Wtelhy npanol 
(a tertiary alcohol) 


V 





TFT- ■-> 

f 

kbrkr-i r-»4 I 
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^H*i^C ortim v n c nc tifa anrf Functionnl Dtr Poou™ s JT71 

and the am' er »° lKet,i ° tJ ™ction tna: amides undergo is hydrolysis back to the parent carboy A 
• Reagents: Strong acid i.e g. H*SO,! or strong ba* • e g NaOH hear. 


lie 1 


O 


X 


NR z + 


H—O—W 


OH 


+ 


R,NH 


hydrolysis of amides 


Arnides hydrolyse to the pare n i_c ai~ Doxy J i c acid and the appropria-c amine 
The mechanisms are similar to 'hose of esters. 


* Reagents ■ Strong acid t.e g H^O,] beat preferred 


or strong base ie.g NaOH heat. 

O 


NR. + H—O- H 

c 


R 


OH 


+ 


r 2 nm 


REACTION UNDER ACIDIC CONDITIONS: 

1 ThTTl" 111 add <=ata]i«eci mechanism is analogous to the acid catalyzed hydrolysis of esters 

The mechanism shown below proceeds via protonation of the carbonyl not the amide N 'see step 1 
• The mechamsm is an eaample of the lest reactiug esam n ■ ? ear.de in lS ee step l 


MECHANISM OF THE ACID CATALYZED HYDROLYSIS OF AMIDES , 
* ft is an acid/basfi reaction. 


in this reaction water is a weah nucleophile and carbonyl group of amide is a weak electron^ Test 


the ester is first activated by protonation. 

Proto nation oJ the amide carbonyl makes it more electrophilic. 



H 


■O j 


ch; 


NH 


• the water O acts as the nucleophile and attacks the electrophilic C .n the r n £ 

. n» *-» - »»«. ,« .h, ™,„ ss 

Jr 


An acid/base reaction. Deprotonate the oxygen that came from the water molecule 

H 



O 





; o 

CHn-C 


■H 


% Y — NH- 

I 

.O' 

if" 



r--.' c • \fi ■ 

r y . ?. ■*- * ? * z + ■ 1 * f ' *"*' 


- . ■*• . i . 

e < i 




V WI- cm*"*** 1 * M{d * 9nd J>crk-fl( Iw* CT*J. 

^fj t > -* «ll C?(>rh’g*’ CrArnifaCry: Fcdrr*f Bofl rdi Paft-tt 

he removed ' H ' w,wer - 11 is a poor leavins a ' ou ' >, So ' " is 


f^ 6 adjacent oxygen are us en to help push our" the Leaving group as a neutral ammonia 

Thus, oxonrum ion is produced, 

it U ai_l reaction. Deprotonation of the oxonium Lon forms the carboxylic acid product and 

rtr^ates the acid catalyst. 

H 




.p jr 

■0 


MrC—NH 2 

■Off 


s' 


H 


r° 

H + v 

CH— c — 'tyw, 

-OH 




■o 


CH> — C 


NH, 


OH 


D 


CH 


: 9 H 

Acetic acid 


+-M 


ION OF AMIDES 


Amides, RCONRV can be reduced to the amine. RCH a NR, by conversion of the O to -CH a - 
• Amides can be reduced by LiAlH* but NOT by the less reactive NaBE J 4 y y. \ y \ , ■, 




H 

I 

C- 


J reagent*; LiAJHa I ether solvent followed by aqueous work-up. 

This reaction is different to that of other C =0 compounds which reduce to alcohol* 

- The nature of the amine obtained depends on the substituents present on the original amide 

— - ,u^ v ' ■' 


1° amine H 









vMi 




— o, ; xs j^-'AVrlt.Tsifc t - * *&«&%* y, 

v . V V Sk^ffWi^% *Kke£. i • f wtm 


■ t t m t 

* w:> 


* 0 


. _ ^ - > • • ’W* «**40igr 

* yoil^-v w w ^ ^ '*»' ** ’ nr£ — -'-•-* V ** * 

- - - - '' — J 


■1 -1 
1> **.;r- f 


'■•.*'*. t* ., V*' 1 :. V- ^ ^ .VI”' V^o- . * ;■*“ - •>•” -* i. W ,v' : -, ~ v \ - •• -> ■ ► 

'.*£'* '" - ‘ 1 , , . «:5 r-s^' - -'t.'V •:..%.«■ 'A . • -. . „ ■ t' ■-'■* 

• . ■ - -X . i ;; a . 

fcj • ''** ffc- - _ ••;-->•+-• fr v * .- m " '* •*■ *1 rtSVn '• e , *• r **■ - . .'_ ■ i -.< ->••- ..-«- .-•«•- T * - 

V ■ Jt*r . • > v • A. • • • , « » ■- “V. - * lfmV| fc * ■'• t ■-- * — , . r ■ • s’ \L *■ • 1 AS 

. -K £. A— ----- * - ■ "• 2. -_^.T •; - ■ — > iaMt gtJTi t » * .- ,w. 




k * * *f CAW „ ... w FW, ...-.c jViv: .,1 


Chwmftitv J ,■ . if , „ ,, 




LIAI H, 


3 s am^oe £. 


j 

R C- 

I 

3" .11” ”.t l 


■vV 

\ 


R- 


R- R| c: fl, roy be a, sy/. or ary] tuhstituents. 

* <n the po’en^i; mechanism r*OTC That it is a;\ 0 System that leaves fhis is boviiuse i!v (' ,. 
bfffter leaving grpvps :han :he less eeaiTOi^ative N systems 
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H£ CHANi5M: REDUCTION OFAmTde U7TH LfA^H, 

1: 

Th€ nudeop.*i:..c H from the hydnde reagent adds to the elcL-irophilu: C in ihe point cat bon 

tne amice ‘ hl 

[ rv ^ecttors bom the C = 0 move to [he electronegative J creating an interned into nv, 

Complex 


^5 


O' 

11 

c. 


c 


o AlHjLi 


.+ 


ch: 


NHi 


+ Li + 


ch; / 


Step 2: 



The tetrahedral intetmediate coitapses and displaces the O 

* Th is produces a h ighly reac live ' 


as part of a metal slkoxide leavinq nrc 

iirtinium ion an Intermediate. 


C 


9^ Al« 3 Li + 


nh 2 


-SJ~\ 


C »T ! 


H 


2 


CH. 


- :b- 


■AIM 3 u' 


Sttp 3: 

* The electrophilic C in the iminium s^tenl. 

-he canonic N to ne u trali £e the charge. Thus amine is pa* 


c 


NHi 


CH, 


NH, 


\ 


+ *4 


AIM ,Li 


.+ 


C H, / 

H 
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reaction. 


Nu 


tw- 


H + — C=N 


\ 


N 


/ \ 


Further reaction 


H 


The chemistry 1 o: the nitrile lunctiona. group. C«N is very similar to that of the carbonyl C=0 of 
sldehvdes and ketones.. Compare the two schemes. 


Nu 


Ni 


H + 


C=N 


\ 


:N 


/ \ 


%} VtnuJ 

eh! a 


H 


Ni 


H 


\ 

C 

/ 


Nu 


\ 


C- 

I 


o 


\ 


H 


How*t«r, if ts conueniem to describe nitriles os carboxylic add deriuodues because. 

/ the oxidation state of the C is the same as that of the carboxylic acid derivatives. 

^ hydrolysis produces the carboxylic acid 

Like the carbonyl containing compounds, nitriles react with nucleophiles in two ways: 

(j) Strong nucleophile* (anionic) add directly- to the CnN to form art intermediate (mine salt that 
proformte- 5 . (and often reacts further) on work-up with dilute acid. 




ivorkcp 


Ms of such nucleophilic systems are : RM 3 X, RU, RC^CM. LtAlH 4 


1 f neutral 1 ' tpouire that the ON be activated pi ior to attack of the Nu. 

1 ,cid which » *• ^ basic N ar.d A. v* m 


ni- 

is] 


2} Weaker 

This can be done using a acid catalys. 
more electrophilic. 


c=5-* " 

Ne of such nucleophilic systems are : H a O, ROH 

n. fi . „ torture that can be redrawn In another resonance /am lim reveals 

protonqiion of a nitrite giues a structure tmic 



Of the C since it is d — 


^CSN —H 

\J 


— C— N 


\ 


H 
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hydrolysis of nitriles 



Nitrites. RC«N. can be hydrolyzed to carboxylic acids RCO,H a :~.e ar rude RCONH» 


H.O 


:n 


Heat 


-■j 


NH 7 


Heat 


R ‘OH 


React Fow type: Ntideophiiic Addition then Sud each: ic Hey' Substf.':.,-:ior 
Reagent*; Strong oca i'e g. HjSO a • o- strong base e g SaOH h£-f 


ExercFie Q2 i'icJ Git-e the mechanli/n /or the add catalyzed hydro lyste of a nitrile? 


MECHANISM: ACID CATALYZED HYDROLYSIS OF NITRILES 

Step 1: 

It is an acid base reaction Since, water is a weak nucleophile, therefore, me r.m.e .= act 
protonation So, the nitrile becomes more electrophilic 


i 


Step £r 

* The water O acts as the nucleophile and attacks the electrophilic C ,n the ON. 

* The electrons are moved towards the positive center 


Step 3- r 

It is an acid ,r base reaction. The oxygen that came from the water molecule is deprotonated 


CW r C“NH 


CH r C=HH 



h: 


The remaining tasJr is a taulomenzotion at N and 0 centers. 

Step 4: 

h is an acid/base reaction. The N atom is pFotonated to give the -NH 3 group 


Step 5: 


The electrons of an adjacent O are used to neutralise the positive charge at the N atom arc 
formed in the C— O. Thus, an oxonium is produced, 


a " 


Step 6: 


It is an acid/base reaction. The deprotonation of omnium ion produces the amide intermediate 


CH a 

\ ■' - 

C=NW 

/ 

HO* 


CH, 




\* r. 


/■ 


:Ntf, 


HQ 


D 



CH 3 

\ 


// 

■O 


K 


The amide intermediate is half-way »o the formation of acid. The hydrolysis of amide occurs in the sam« ** 
described above in the hyefrofysrs of amides" 
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'0jnCTlOH OF NITRILES 


t The nitrile, RC=N, gives the T' amine by conversion of the CsN 10 -CHa'NHi 

Reduction 


:n 


R CHr-NH, 


„ Reactions usually in E^O or THF followed by Kj 0 ‘ work-up 


jfidcdoji type: NudeojMlc Addition 

f, Mitriles can be reduced by L.IA 1 H- but NOT the less reactive Na 3 Hi 



„ Typical reagents: LiAiH^ ether solvent followed by aqueous work-up, 

, Catalytic hydrogenation (Hi catalyst) car, also be used giving ihu same products 
i r may be either alkyl or aryl substituents 


iFAC TVONS OF RU OR RMgX WI TH NITRIL ES 


R 1 — Mg— X 

or + R — ~~0 - N 

R? — Li 


HjO'i'worKup 


R 


R. 


RsactiorL usually occurs in EtjG (Diethyl ether i or T1 IE 


Cft Kwetfon tew.: Nucleophilic Acyl Substitution then Nucleophilic Addilion 

Y _ _ _. .1 J-- ■ . ...J „ r'F-af 


C= 


/ 

Ho- 


rn type: rVUawpriJJiv - - L , 

NlHl „ RC-N react with Grignard reagents or organoSithiuin reagents to give ketoi ics. 

: “ ^v-deop^c o JUi* events «U » ft. C=N bond In . rtnto «* * M «n 

. imine salt in.— e -ha. * .hen hpded^d * *. ke.one Product 


5- 6+ 6- 

ft^-MgX + R— C==n: 


H,0*/workup 


R 

\ _ + HpVvwrkup \ 

C N MgX — Cl 

/ " 1 


:D 


R , 


rd a 15 


. Since the Ketone „ no. formed un.il o/ier .he addition of -tor. the ,* recent doe, not 3 et 

the opportunity to react with ih e ketone produc t 
• Nitriles are fess reactive than aid etty des a nd ketoi res . 


MECHANISM. REACTION OF RMgX WITH AN JVI WILh 

“ "P li 4 -*dds to the electrophilic C in the polar nitrile group 

*- £ SSES Lctconesadve N «-*« *> “ — -I. -mptac 


* It is an acid/base reaciion. , ntefIred , ate n |, pcotona.es awnfl the mine 

* On addition oE aqueous acid . the inter me u 


* It is an 5^1(1^3516 reaction , , . , 

• The imine is firs* activated bp ptotonst.on (acid ealaly 
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CJ4 ft 30; CafbfljrUte w-rd« and FurtetismoJ DcriratA** 

Step 4 ; 

* The nucieophi-ic 0 of a water molecule attacks the electrophilic C in the t\e 

* The ?r- electrons from the C=N move to the cationic N to neutralize the ?.r-:e 


C'alltgt C^*r^t*r^> Ftztr- ' d.-'z -. 


it 


Step 5t 


ft is an acsd base reaction. 

The 0 atom from the water molecule is deprotonated to neutralize ".he posit.ve charge 


*> 


Step $; 


It is an acid. base reaction The N system is converted into a better leaving group by protonahon 


Step 7 ; 

The electrons on the adjacent O are used to push out the N leaving group, as a neutral moi ecu !e ot r 
ammonia. An oxenium ion is produced. 


Step Si 

It is an add'Dase reaction The depretonacon ot oxonium ion gives the n-etone product, 



Step-1 


g— ^ jp g, 

Ph- Mff~X + CHj-C =N: 


it 


CH- 


V 


— + 


Siep-2 


CH, 


/ 


C=HMgX 


Ph 


x 1 / 

C = N; . 

/ / 

Ph / 


J 


hr 





CH- 


Pft—Q N H„ 

I r* £ 


H& 




hr 


m 



NW 



H D t > 

Fhe 


CHj 

I A 

Ph — C— NR 


Slep-7 


K 

**r 


ch 3 

I 

PH C 


SteD-a 

if 


NW, 


■■o* r 


CH S 

c=o 

Ph 


«.o; 


Tv 


-h> 


Acetophenone 


Gh 


QUICK QUIZ 


(1) Define SterSc effect? 

Th$ of the three-dlmenstorml configuration of reaeffn-u substance ™ 

reaction is called sterfc effect “ ’ S subaon ‘ : “ d ">e rote, nature, and extent . 

t.g. The steric effect of three methyl groups in ter-hutyl chloride «■,«». v,;„j 


Sjsjl reaction This hindrance is called sieric hindrance 
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■ji' Ij picdihorj reflCtitiliy order? 

* Akohd reacts with other reagents due to the breaking of C-0 and 0-H bonds, 

« If a nucleophile attacks, the C-0 bonds breaks .The order of reactivity cf alcohols with Tespeci to cleavage 
of C-O bond is 

Tertiary o/cohol > Secondary alcohol > Primary afcohoJ 

* If an electrophile attacks the O-H bond breaks. The order of reactivity of alcohol wsth respee: to O- 
bortds cleavage: 

CHgOH > Tertiary alcohol > Secondary alcohol > Primary dfcoho! — 


fjl J4au; pjconiurn iqn creates the fetrpJiedrai intermediate 

t The O-atom of alcohol functions as the nucleophile and attacks the electrophilic C in protonate 


carbonyl compound, , 

t jh e electrons are moved towards the oxanium lot. and a tetrahedral interned iatn is torrr.e ■ 


•V 


H 


■-6 y 


H 


til 

+ c t WH - 

CHj 'K OH 


CHj -C—OH 



JK 


c 2 h. 


H 


OH 


/ C \ H 
CH, CH 3 
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Keto tautomer 


^ CH 3 

Erol laLtomer 


dj- £>*/in**opoflfpcaiton? nrfldue* sotre is railed saport Iftcolion ruction 

The hydrolysis of fats u>r(h alkah& tc p produced These salts me called soaps 

In this reaction sodium or potassum salt of fa.iv aClQ5 • p 

Glycerol is also produced as a by-pfoduc,. 


CHr OH 


CH — OH + 3 rl C 6 Nn + 

soap 
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DO YOU KNOW? 
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(JJ The c; 

humor rv^f -jj^jr 

fS) 1 The ctnegoroor: ■ --i ad sodwptori/ cxpc.s -a 
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Isofrjt^ forme re 
Berijy .>v: :£e 
Etfiyi - 1 A'-. " : -v 
A'i . ^:; t ’;:e 
Octy Acetate 
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SOME IMPORTANT CONVERSIONS 


in Llh gaaf inf^- < tt Q<\>j 


c.H r cm. -oh + /Oj 


i.se. 


OH, C - H + WfO 

« ’ j« i p .’> ' 4 # ' . 


ch,-c H + fO/ 

Aeoutoo*- 1 - , ja 


*AA H.SC, 


GW, — C OH 

E^anoe j ; ; 


I JfJ flfcf-fcramHi io hcpdottijic orld 



cti* 20 : flcJdi end Functional OtrhuU 

t $T4MMidm :isr*swm 

CARB OXYLIC auds_occvrance^ 

* SoTtiic add 


CoFtf-jK C peilpijy-' Ftdtral flews ref: F'iwrfOi 



Caprylic acid is present in coconut 
Laurie acid is also present in coconut 
Myristic aci-d is present in nutmeg 
ArachidLc acid is present in peanut pi] 

Citric acid is present in citrus fruits « 3 lemon, limes. trapes, oranges 
Tartaric acid is present in tamarind 

Lactic acid is present in applet, tomatoes and me i asses 
Acetic add is. present in grapes. 

Malic acid is present in green apples and plums 
Benzoic acid is found in berries. 

Butync acid is present in rancid butter 

Gaproic acid is present in goat fat 

Caprylic acid is present in milk 

Palmitic acid is present in palm oil 

Stearic acid is present in waxes, animal fats and oils. 

Amino acids are the building, blocks of proteins 

Acetoacetic acid and pyiw.c acid are the acids of biochernu .si significance 
Lactic acid 15 found in sour milk. 

Tartaric acid is fouaid in wine 
Acetic acid is found in vinegar 


CARBOXYL/C ACIDS AS FOOD PRESERVATIVES . 



Formic acid is used as preservative 1 o: silage ..including fresh hay. and otr.ar livestock read 

Boric add was used as a food preservative in caviar fa product made fiom sa.i-cured fish-eggs! but its use has 

been banned now 

Salicylic acid Its use has been panned now. 

Benzoic K ld is used ns a preservative in jams. best, ptese-v cd frail, pickles. tail juice, desen sauces and scraps. 
Acetic acid is used as a present** in fish fingers, butter, margarine, processed cheese, curry powder, cooking oil. 
lactic acid is used as a preservative in beer tinned foods especially vegetables and Iran, .resh frail and 

I FtaSlTt acid is used as a preserve in dairy products, parttafariy in cheese and in baking products 


_ TASTE OF DIFFERENT CARBOXYLIC ACIDS. — 

— z — — — r — 7T > ~^ rA . 0 - of carboxylic acids and alcohols in the press nee ol 

• Esters are derived from f-CiyS ^ _ * 

SE^Sf.^tSS that occur in many beer type, a. a norma. pan of their 

brewing process. 

Examples of ester flavors are 

Ethyl frrnnate gtves raspberries their characteristic taste. 

Ethyl acetate has a bittersweet, wine-like burning taste 

IscHumyl acetate has a taste return, scent of pears or bananas. 

n like tas te . ( Ru m is d isti 1 1 ed al co ho ! ic beverage mad e from sugarcane 


Ethyl propionate has ruif. 

byproducts). 

Ethyl butyrate -found in pineapples- tastes like sag* water. 
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Ethyl valerate nas apple like taste 

Ethyl hexanoale is an apple-flavoured este: 

Ethyl heptanoate has wme-like odcu: emd '■'■ :h a bumirg alter- taste 
Ethyl acta n oat e found m pineapples has &wee: taste 


KEY POINTS 


Carboxylic acids ate she ir es: acid ■; o: the ccrr.TMjn organ. c functions groups. 

The CO|H unit is planar and consistent w.tb sy ration and a resonance interact -or of the 

lone pa.rs of the hydroxy] oxygen A ,;h the - system o: the carbon j, 

The most important reactions ci carbovy! ; ac d> concerts the— -.to carboxylic acid derivatives such 
ess acyl halides, esters and am ices ,a ncc'.eoc" lie ac,! substitution reactions 
Esters car. also be rr. ad e it o m ot h e : c a : b >.. . . . c ac : d d e : i v at ; '. es esp ec .ally acyl halid es and 
anhydrides, by reacting them with me appropriate alcohol lr the presence of a weak base. 

Loss of carbon dioxide is cal ..id decarboxylation 



Simple carboxylic acids rarely undergo decarboxylation 
Esters ate ess reactive towards Nli than aldehydes or ketones 

varbo xy..c esters, R,COOR z . react with 2 equivalents of orgar.olithiurn or Grignard reagents fogive 
tertiary alcohols 



* Amides hydrolyze to the parent carboxylic acid and the appropriate amine. 

* Amides can be reduced by LiAlH; but NOT the less reactive NaBH 4 

The chemistry of the nitrile functional group, ON is very similar to that of the carbonyl. C = 0 of 
aldehydes and ke Jones 

Nitnles. RC-N. react with Gngnard reagents or organolithium reagents to give ketones. 
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EXERCISE 


CpilW CVirmMiry Fmkrflf 


Q2: Select the rl^ht on.su.-er from the choices given u'tth each question. 
fF) A carboxyl acFd contains fujictiarral group: 

A Hydroxyl group b, A Carboxyl group 

(c) A Hydroxyl and Carboxyl group d A Caitoxyl »r,d aideKee group 

{IFJ From the /(jltotdrtj Cartoxylft acirfs which oerd hr.™ higher acidity. 

a- E:har.oic ac.d b Propanoic acid Ch^rc^tharou: a.c:d 

(fjf) Which reagent If ustfd to reduce ci carbOJCyhc acid;- 1 

laj He.Ni i,b H t Pi o' NsB'H 4 

Stronger ftftd Is 

ial CH fl COOH ,b',. HCOOH cCH 3 CH*COOH 

[uj . Acetamide ii prepared iyr 

fa' healing ammonium ace at v b Heating methyl * - ~ 

!.c : He ating tt hyl ace: ale d The by d r Xy» of m e G.. c > ■' ■ : ■ • - c 

jcil} CerbnxyfFc acids react tilth nwtaJ to form strits icFfh the evolution c, 

{&} C0 2 ihj. Hi. 'A C0 

full) Ethane- 1 .2 -(Hole ocld is also ealFed; 

(a r Benzoic acid b) Qsab c acid ■ "orr.u due 

fufif) Carboxylic add CM he prepared by the action ofCrignard's reagent ulth 

"fa) Oj. <bl COi 

(lx) The IUFAC n am e Jar Jfbrin ic erd r I Is 

i[aj Methan oic acid " lb: Acetic ac.c 

(x\ The reaction of alcohol with acetic acid F S'fcnOifJi ns 

ial spomii cation '.bi estriheation 

f Jrij- Ester* arc forme d by £ h e red c £ ion of car b ox Jilie °d d * ull h 

alcohols ib). edicts it) aWebyces 

fWu’ Which on* of the following has both hydroxyl and carbolic acid group*. 

(a} ph en ol ft 3 picric acid Cphlha --c ac i d 

(xlil) Which of the following cannot he prepared directly from acetic uem 

^ {a) acetamide ‘ ' (b) «*yl choioiide Jci acetic av.iv.or 

(.xli*) Reaction f»eXui«if caustic soda and a fat is called 

(a) esterification ' (b)' hydrogenation [c: neulra.-^.on 

When a carboxylic add reacts with alcohol H produces a new class of compounds. 

iKi psiftrs ic) anhydride 


,d Nitroethanoic acio 
,;j LiA’H* 

id’s CHjCHjCHjCOOH 


i) CO 
:! "orr 

-figrtan 

c) KG 

ic) Etbanoic a-.d 
s 

i;' amm onoiysis 


ride 


d CH 4 

d Malor.x acid 
d N : 

;! ■ Butanoic acid 
d hydrolysis 
d Alkyl halides 
d J S all c . i : c ac i d 
J Ethyl acetate 
id &i»nit'.ca::on 


(s'l ethers 


ANSWERS TO MOLTPLE CHOICE QUESTIONS _ 


NitToetliaiwte acid 



I til Ans: lb} A Carboxyl giou 


A carboxylic acid contains a carboxyl ytcup iCCX >f I 


inn Ans; Id} LiAIH 


UA1H, rediiccs catboxylic acid's 'o alcohols 


•v) Anxi (a) H^nUnq ammonium acetate 


CHjCOONH* *2^ CHjCONH, 4 i 

Ami«w,iuni-ac<lfl^ Acrtor"*** 


irii) Ans; lb] Oxalic acid 


COOH 

.1 


COOH (EiSoB-Jiulc ar U H>r QiuJlr ar*ill 


! ix| AnSi {ft) Melhflnolic add 


[Since Formic ackJ (HCOOH} contains oru- ' 

[melhanok: acid- . 


The nitio group ■■ 
it • I ictc - the fteidli 


(Lv) Ana: (b) HCOOH 


'ii r. : , i i[1 


■A : . ! ,u;. 
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CH 4t 2(3: Ccirbcutyrif: cn Tifi .rind f- unr tJcn-iJi! P^rinirJif.t 


Com-sr thi-mls#ry. Frtirra) Unarti Pdri -JJ j jf 


n 


Ixi) /\nv Irt) akottoU 


(xil) An*: (dl Salicylic add 


The reaction of carboxylic acid with alcohol produces an .^!«r The formula of Sa.icy.ic acid • " " 

Thl5 reaction is called esterification reaction. j contains bov nydroxyl ■i | -' l -i 




com 

c ?; rb oxyl gr ou p i C Ot ■'-[ 



.COC-: 


is.r.ce reaction of ace lie ac«l with ammonia first produce j The reaction of r ' rt! tL '- Eh ca J‘ stic fr£,cic "' P 

I - . _ I I I jm.nnAifir3ir!l/\n iTPMi nnn. 

* -I.W. — . t- .-_ I ■■ id,,. i-, ...... .—I ii» mi k.^ints.m ino 


Ans: (d) saponification 


j ammonium acetate. It is then nested to give acetamice 




_h_j nsrti*ticm. 

CH121 . J» r -■■ ■' ■■• '■' 1 -ie_ 




iTVo vuiaKiti^n fK? ra+inuii 'r :vri H : j ■ ■ t ■ aVflhnl nnOduCeS SO Ci.£'^ 

■ ■ ■ ■ i- ■ wi i- i. ■ ■— ■ i ■ wii 1.UII ui ■J i l v nv “■■■■■ — . p . 

i This reaction is coiled esierT.caiion rer-c:.un 


Q2: Write short nnsmers 


(!) What are ahpbatJc and aromrtttc carbujryhc aci ds? 


Carboxylic acids are generally of two types 
Aliphatic carboxylic acids arid aromatic carboxylic acids 
The general formula of aliphatic carboxylic acid is-. 

A 1 0 



Ft — C — OH w here R = t i or an alkyl group 

The general formula of aioimatic carboxylic acid is 

0 


(Ht Glue probable mechan rM of alkali ne hydrous njon ester. 


Step J 


The hydroxide nucleophiles attacks at the electrophilic Cofthe ester C = 0 breaking the rr bond and creating the 

tetrahedral Intermediate 
Step 2; 

The intermediate collapses, reforming she C -0 

results in the loss of the Heaving group the atkoxide, RO , leading to the carboxylic acid. 

Step J: 

An acid base reaction. A very rapid equilibrium where the alkoxide.RO functions as a base depnotonat g the 
carboxylic 



■ r/;?3e.v: . 
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X ,'J ^-11 V ** V* f\’ 'C r £V i ji its- rm Coit-cgc ChctnisfTY- Mw** Heard *#rt -W 

t *- ,iV f acres lot form photn t hydr atone when treated with phe nyt hydrazine. Explain 

contains bQSi&NH* groups This group accepts proton from carboxyl in acid with the help of 
:~i Dfi 1 ’’ ? ” ’ -vTcn a:o‘" Since, tone pair has been used u (Moreover, the carbonyl group 
:-■ ca lvx- a a.c :s & es? e eetrophi hydrazine cannol attack as nucleophile on carboxyianib. bus, 
‘c: 'zrnec 


■ L :-cr-re 



4^v< e ft* mechanism for rft# acid catal yzed hydrolysis of a nitrile? 

_ ^_ 

icetK ac 3 s often c alled Glacial acetic acid? 

' , ': ZC 


eetjc ac?d freezes to an ice kke solid at-TJ Therefore it is called giacialeetic acid. 


Hi-j: =s cse of esters? 


:i:rs - t. ?-$' Tnustne> are used as artificial flavours 


ri.i/ip some esters are g.ven be ovv. 


Ester 

Flavour 

Ester 

Flavour 

Am ;t acetate 

Banana 

lsobutyl for male 

Raspberry 

Be^-zy acetate 

Jasmine 

Elhy butyrate 

ptneapple 

Amy butyrate 

Apncot 

Octal acetate 

Orange 


i How may nitriles be converted into carboxylic acid? 

~'H' - ,-3 & ., ■: i^Oovylic nc ds va amides 


H O 


[H 


Heat 


R 


0 

H-,0 

0 

c 

2 

►" 



NH 


Heat 


OH 


- 1 7 « 


fare acidic amino ac ids give example? 

9 ,,^ coming mrjKCBrti w/f y roups than amino group am called acidic amino acids. 

HQOC CH y CH-COQH HCXX? — CW — -GQQH 


NH,. 


NH . 


pr 1 1 ■ iiU-'i 


< Jllit, irniC aCKj 






HpC — C — ONH 4 


J i !r Jl ' 


I! 


*- H t C C~ Nttj + H i° 

f> !.i.‘l,i'l . ' ll: 


c. O + CtiCO I 



* ” 4 ; * t £ 

r . 4 , • ' 


■ HC tx 

wrEfis i ..dtrr 





■ l > - • -<r r HF > 

t - T t •* 


-sjBK *ter 


H * 20 CisriNt-xyfiv: Mir Fur*cik*r.ji D* r| .sukf * 


Sl.'Li 


'*. Hoct dots carboy Jic acid* e.viu in nofr^mlar toitenf 


. he carboxylic acids exst as d T4:s m r- ■■■; po’-v - ■-<'■• ■ >•* 
appears to be of then actua rnass . , 0 

*-< ' 

v -_ w ..-0 4f 


t' ; 'iri*' ■■»('■ h jt , i 

Thius, the 1 1 ^ ' f ' i ft '. j ; a 


QT Gtoe drldlrd unMrm 


kwis. 


/I r Hou ufJJ jqu pffpqrf coritwxyJic odds from 7 


ioj fifhyf nitrite 

The n itsilts or. h ,drolystt y e d «irbcx. c a: ids vai *': des 

0 


«- ,0 


! ! 


R G = N 


H ■ 




FT NHj Heat 

fbj o/ ttttrt 

The esier on boy-ng juth core sodium h^droxsde gives soeium so’? o! the acid u-hieh on to .i.rr.i 

diJ^te HO give* free c4rtK>xySjc acid 

O 

gS|l§ II mIM 

^ — c- 


R OH 



0 

11 


p -c — or, + 


0 Mm + R , 


C 0M* + + wc/ 


■C OH + NaCf 


flit Gfi f die ffatJlOri of ocrftc acid irlfh the /cnoulrtjj oftin^ mechanism; 

io) soa. 


~n 


Acyl chlorides are prepared by treating the carboxylic acid ivith thionyl chloride. SOCI 2 , in the presendj 
of a h.we „ 

o o 


QH r -C OH + SO CK 


pyfUtirT* 


ch 3 - 


Cl 


S0 2 + HCi 


Mechanim 


o 

SI 


L M s c — c— OH + SO£y, 


HjC — € — O S Cl + H + Cl 



— 




^ UtJrf* <t*d Flincliond 

M* «=* " — - - — — — - ■ 

jjv r^j5 JElMwiJ 

o 


C L-iJJcjTT CJitT'iiJfv t e ctrtflJ Sutfjd PmU 


H" 


R C — —OH + £; — OH 


R 


h 2 o 


neai 


&ef 

fc acid base reaction Protonation oE the carbon*, . rr. *ke > :: mere tc ph . : 





H 


CH- 


OH 


Sup 2: 

jjrt alcohol 0 functions as the nucleophile attacking tK ■/ .,.p 
^•ajds the ofconium to n . t rev-' mg sh. w \ to h edw inu v* 


f ■ • ■ -c 0. ;ciih the ^vc irons moving 




Slep 3: 

An add/base reaction Deprotormn the *'* oholic ;v.;XH 



= o"’ 


H 



^ H 

0 ^ 

CH r C — OH 


<r 


c 2 h 5 




Sifp 4: 

Anacid'basfi reaction. Need to make an -OH ica.o 
protonation 


group by 


it does n' t mat:* r : . Si n ve: 1 it into » good leaving 


U?t£ *OOM of an adjacent own » help t*t the leaving «»*. » - s,,;r mo,w:ul * 




Step 6: 

An aeid/base reaction . U eprotonat 10 1 < c ■ ■ ■ >— ■ ■ ■ 


1 i'-LT. 


ion reveals the carbonyl in the ester product 


OH 

■QC& 


CH r C — OH 

I ^ 

OC-H, 


■OC t H b 


H 

O-H 


gc z h 5 


HO* 


Eiryi acetate 





• ”**'■* • , u i * » , 1 - -r m -*. . • - 1 

"V 11 . r ■- . • • ■* ,■»• «• -,w hWJ £5 

.,*r- " *■ *.#+**»• :-mw- 


fc. ■* -Y---* •. r -V m » 

M'nPNP^PJLBHKB - • - 1 -• ip ■ w 


CH ** 20 : CorbcxyMr acid* and ! ■jtuckmnl Dei fo-.il U<-». 


rrri 


Coflciji' t'Fu’ni^iri FVdi i) Hr'-ii-i] 


(c) NHj 

Carboxylic acid? react with ac'smonia to form am mo ci am salts which on h gating product . 1 add amides . 


h 2 c — C ~ 0H + NH i 


H.C 


■ONH d 




H 3 C— 


c - ONH 4 


0 

heat 

“ **■ HjC—C—NH 2 + H?0 


Mechanism 



O' 

I 


HC—C—QH+ NH , | 

J > JL 


HC—C—OH 


h 2 n*-h 


& 

I 


W 7 C~ c — OH 


P'Ctan transfer 


o~ 

I 


1 4 

h 7 n \h 


— h 3 c- 


C—0 + Ht 


o 


WH S 


H.C - C 


9\ + 


-b + H, 


O 

II 


,VH, 


H.C—C + ^0 

I 

Acetamide 


f’ffj.f G in-e ffre ri -flc < N~i n of amui? wfiffr G ritjji m rd reagent with iriLThajif^m 


S +■ § ■ 

CH-CH— Mg—Br + H ~NHR 

tih.y! magnes-.uffl brom.de 

’p V mkf.i 


ether 


/ 


Br 


*- CHs — CH, + Mt 


'3 '^■3 

Ethane 


(iv) iVftgi happens when JoIIatbing compounds are heated 


NHR 

Magnesium alkyl ermine bromide 


CD 


Calcium acetate 

0“\ 


Hr 


\ 

o\ 


>; 

HjC—CA — O *•' 


H.C 


dry distillation 

-► 


\ 


heat 


H,C 


/ 


r=0 + CaCO; 


Acetone 


(11) Sodium feu mate* and soda lime 


\0" 


\C — 0Na+ NaCiH 


CaO 


+ Na 2 C0 3 






^ , Jtf C** w ' e V ,fC " fdb lr>J FWliwwf Dfrimtlp*, 
^jl) Ammo hi um acelnt# 


m 


Cuitryr Chrmlitry t'edcrvt 


o 

H,c— C— ONH t ■— 


HjC — C — NHj + H,0 
Acetamide 


W hat to nJnegar? 0**cHb« hou> to olnegar prepared /rom *t Hanoi. 

J\ve dilute aqueous solution of acetic acid is knotxTi as vinegar. Acetic acid can be prepared by the oxidation 

jftfianol. — 

KXrOj hLSO, rm 

— CH 3 -OH + fOJ — — ^ HjC — C HO HjC 0OOH 

Ethanol Acetaldehyde '■ Acetic acid 

k iixfustry, acetic acid is a/s o prepared by the fermentation oj ethanol u.rtb fbe help o' scetic acid bacteria. 

jgp WriK doicn the mecliapiJsri of ihc/oilou-rng n-actlorti, . — 

j_ Selu'Cen acrfJc acid and ethanol 

Page 3$J 


2, Uctiteen acettc acid ammonia 

Page 382 

3. J^cttcCCn acetic acid and thTonyi chloride 

Page 380 


fcfl) Mow would CP m>«rt the fo llowing? 
, Acetic acid into acetamide 





HjC—C — OH + WHj 
Acetic add 


ONHt 


boat 


O 

l! 

^ MjC — C — NHj + H 2 0 

Acei amide 


Acetic acid into acetone 

2 CHj CO OH + C*(OH)i 


(CH 3 CQOhCa + 2HjO 


dry Ji aliHal icn 
h«»I 


■ — m n + CaCO j 


HjC 

Acetone 


How amidej ar* 


Page 368 
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Collrtfr C-ii emSiir'y: F'rtirfirt f i>, Vr ,.| ^ 


Tta.: 20 Minute* „ C® m 

Note 6 > Marks: 17 

m r VT t WT,hn9 ' cutUi^. erasing, using lead pend! wffl resuCt in loss of marks. 

M 1 A IK I, Ih- ...m et option i.«. ABC®. Each part mtia, one mark. 

k- 1 ivn,v . c 


ml 


■ ILL 


C- Pure acetic acid P Any one of Ihe-ve 

D. All of a h DVP 


C, 3* > 2 > r > CHjOH D CH,0H ■■ > 2 


.Vl 


ivil 


.urn 


i 


Vinegar is 

|*V. ^ ^ ■ ■ ^_^j[ 1 jjk--ct cj_d [3 Glacial acetic acid 

d the £n£loiung is not a fatty add? 

A Phihalic acid B. Benzoic aart C. Phenyl acetic acid 
m etcher esKidficalion, the reaclivily order of alcohols is 
a^£li\QH > l r > 2' : ' :=■ 3'" 0 i" > 2- > 3' > OLOI r 

at low temperature freezes and called 

(S. 90 ^ aCC<lC “ Cid ~ GkctBl a Cfetlc acid C. Semi solid acetic acid D. None of above 
V n ; fn 03ie o: following acid is used for Hie preparation of synthetic rubber 

A. Carbonic acid B. Formic acid C Acclk aci d D. Butyric acid 

l -Hyd rojey pro panoic acid is railed 

A Oxalic acid B. Lactic. acid € Citric acid D Aspartic uad 

L-nTboxyiic acid un reduction 'Aith HI and red phosphorous gives 
A» Ali^anes B. AJkenes C. Atkynes D. Alcohols 

■ :M| ~ n ,® 'i^iboiiaiior, eLGjigoord^ rcagenl is used ic prepare 

A acid hniides B amides O, carboxylic acids D. esters 

>vh.icn o: Ine following do noi contain -CtlOH group 
A. Picric aqd„ B. P-toSuene sulphonjc ackt C. Bot>i D. None 
hr. ac:G chloride compared with Us add bods at 

Sk Wwtywnma B Kigte tempmtett c Sim.br temperature I) An indefinite Inpunii 
Bead ion between caustic soda Eind a fal is called 

A* ...„ p „►> hydrogenauon (e) nwKraliwlion id. ■mpm.iiicUon 

?' B. Basic ammo acid C, Neutral ami no acid D. All oi above " 

Ine reduction of nilriles gives 

A iicchols A TLl gnYanes C. ester D None 

cv h:cn is the suontjert getjt - 

’ B. KCOOH C CICHiCOOH D CH,COOH 

tbe redmhon o f estqrf-w iiTi LlAJH, 

A Antiwacids 1 ETKfflJar alcohol D alkane 

^ftch Of ,he following dcn^liue carbolic acids' islhe most reactive^ 

h»hd* *' B. amides C. anhydride D esters 

i™.' Catnip! used for preparation oJ anhydride is 


fix) 


lx! 


*sii 


fxii 


ixiii) 

(xiv) 

(XV) 


A S^DjO, B HjSO, 

fxvi i ; The odour of idlers js 

Purge ni fj Suffocating 


< ' D V,0 4 

C, PleiLsant f D. Kruih- 


C~± 


rime; 2:35 Hours 


SUB.IFCT1UF 

Total Mark* Sec I hem B and Cr 6& 
Q2. Attempt ,„ v FOURTEEN Parts . T!, s 


(i) Name the following compouocis according to 1LIPAC system 


HO — CH- COOH 

\ 

HO-CH-COOH 


H a C 


^CH 2 COQH 


COOH 


03 


X 


CHjCOQH 





COOH 


c. 


f ir) Ar. elje ncid is a component oJ vinerjur 

n Ffow is A^mic ncid manufacturied frum Acelylene "> 
b. Whai is glacial dicetic add? 


02 

01 


f-ii- Bteis formed carboxylic -mds give dLffe ren r jlnvaur s What type of 


Fienzylacflate 


03 


ia given by Amybcctnlf Isobulyl tomsah 


fEVf a How is acetic iw-id pfejiared from atkyl mink's? 

h Gu-fi? rhg mechiaiusin for ihe nwrtion of .iccur, acid with SOO 




’f r*F») f. 

2 p-M *t M »W' jHUf ■' v ' ** 

•-. -y-j ■, ' Kf?/ r -v ‘ ? 


*% ^ j " 


r j-f t “ • , •*' * 

| ^ • ■_ ' |5 •’ ' 1 1 
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jkp‘r I if * <•> 4 It « 4 



t * 

V* 



Si 1 


' r VS 


i ..j- - • r,- 


"i * " 

“ P iffM - ' 


20.- Carfw"^^ ■ acJrt * FtmctfcnioJ Dcrfurck.* s ^ 

c- Adipic acid 


yyrile Ihe structural formula of the following 

a Acrv'lonitrilc b. Acetophenone 


WThe^ is FisKft esterification? Give mechanism. 


Cofirsv ChrnWvry' jVrfertJ Ensu'd: 


03 


03 


. l 1 i; Frt^icl lira product of the following reactions 


a CHjCOOH + hi 


h. Ft 


— cn- 


COOH 


NHj 


MS(1, 


HC1 


c. CHjC-OOH + NaHCOj 


V.iii)4 Whal are lactones? 01 

fci Whv rnethonoic acid is usually called formic: acid? Qj 

c. Wlvy low molecular mess carboxylic acids are water soluble, while high mol mass arc insoluble J 0 l 


li] *. Write the reactivity order of functional derivatives of carboxylic acids, 
b. What ate acid anhydrides, how they me formed' 1 

Ik] a. Describe the acidity of carboxylic acids 1 

|si) a. Hew may ami(ks be prepared? 

b. Describe the mechanism of decarboxylation oi dicarboxylic finds 

M a. How ethanol is converted into acelic acid 1 

b. Wha( is nucleophilic acyl substitution? Give example- 

m*L Whfil fire dicaibOxyliC acids 1 

b. Describe Ihc structure of a COOl 1 group? 

!su]a, VEqwj the SCtd by product Such, as HO- is removed tram Inc solution? 
b. Why acetic acid is often called glacial acetic ac;d •' 

M a. Molecular mass of caiboHyLic acid appears double in a non polar solvem Why? 
b. What happens when a*id anhydrides are treated with alcohol 

Wa- How Q-aminoaads can be converted into o-nydroicylaai.:^ 

b. Write two chemical reactions itl which carboxyl group of cartKMfylic acid is i nvblvet. 

'^■liiti How would you oonVCtt aotflie acid into Aoe .amide, 
b. What happened when calcium ace’ate is healed 
C How rn*y rtitfiles be converted into carboxylic flCi o 

l»aii)hlow does acetic acetic reacts with I he fo dewing? 
a. Mel hand b. PCU 


[ jAll S. 


ox) What happens when 

a Sodium metal is droped Ln acetic acid 

b- Sodium formate is h^led at high tempore m ci *“■" lir "' : 

c. What is oxonium ion? 

jfreMlpii -£ 

N »'«: AH,*,. «y1WO '«■*»>•- All qu^lon, ^ '"»><« < 2 * 13 = 2t, > 

®' a How will you prepare cailioxylio a*' 1 *!* 

It) Alkyl niuiles (11} ttydroW «£ (filers 


1.5 


03 

01 

02 

at 

Q2 

1.5 
1 5 

1 5 

1 5 

02 

01 

01 

02 

at 

oi 

01 

03 


01 

01 

Ol 


»>+ 





v\ 


1 * 1 


t 



u 



■ 

* •• > 


"TT: rr Ullill ld'“ ‘A‘li,!,J SlUdenli 

tkvfrt' 




.%>•■ J *-• . ■ 

■ ‘SHm " 5 - 1 ,-r Jt-V • 



-+- - 

^ %r+ ;• 


r M BM* 


-■ >;. ... '.n- .v . -v. •■ . 


ssfltttsaari? 


* L r 


CH 4 XQ Cwioi^ <»r(d* ^ kwvJ „ 

b Giv# *-j fv.v * r » v v -■ *•- -v ■ ., ; v- : ,v ■ , -•• 

i]| SOC^- . ; n - J 1 

t cf kfaort*wv mrihok «xJ nr> uw -r^ia m tnd for #» pngxr*OT * .vkTv > v 

d How rvir x-s art i,-d ■ 


i CA*JnJHr( Ffdfral fi t -. 

> 


0,1 

02 


Q 4. n Mtpu. j,*..'. 


"•■ •'fT* -V »■•’.' > . -,' 1 ■■•"■' '1 

>■ Mahan# L:^'.-.;:« - ^'c 

b Dikum ttouctun ar«j BcKbt r r 0( :.*r*v , , 

£ Wri« <OOH*y| 4-v? *#-,» t *•.. ;f . -y-* . .. . .. , , 1 % 


l ‘-il 


04 

l4 


Q S A Up'"! 1* r*w ^ ' PC ■» • * * --■ -- ’ , -r ' . •• - 

b (ki If* PAl twr j ^ r , 


i’*--; 

05 


<0 


Cl-HC 


/ 


0 

I! 

C™QH 


o 


X. 


’Oh 



o* 


(Hi) 


! n "' Ad:p*c aod 


H a C 0,-C NiH - 


{V> Vtkr* *:*} 

"*V *»* toUm b* mm^Ttod ito ^ 


■;jy? 2 "JrS;>.ylc .^.idn, 


04 


- ' . - *•* - 

■ r ii." “> *■ * - - • 

, - • ■ * i .. . * • * ■ 

- ' r a • l • 

■ i''. * , 


■' 
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10CHEM1STKY 




‘ " N /‘ — »H 

Purine 


crnd prgcmlsTrts, with ifreir chemical reactions. 

t Biochemistiy is a hybrid science'. 

, ‘ Biology is the science of living organisms arid chemises ihc science of atoms and moiec-.cs, so biochemistry 
is the science of the atoms and molecules in living organisms, 
i Biochemistry is concerned with thefcorriplete spectrum of all fo rms o f life^ lt covers from relatively ^mple viruses. 

anJ ^acteria to c om plex human beings., ip, c_ 

i H attempts to describe theritfucfure^/rVicc hanrsm^ ari^chemical pr ocessed } shared by all organisms on 
molecular level. 

i Living organisms should be able to transform matter and energy into different forms, show response to changes 
in their environment and show growth arid reproduction. 


IJACfiOMOLECULES 

tfoiecules containing large number of atoms and high m o !e tu I a r mass a rC called macromaleCutev- 

t All living organisms undergo ch anges due to large orgat i i c compou nd s, ca lied r n< il t u:r i r - I ■ c u I e& 
h. Four main ty pes^jf macromolecules control ail acti vities. They are carbohydrates, proteins. 

acids, 




i:pids and nucleic 


CARBOHYDRATES 


Carbohydrates are cafted carbohydrates because they conlurh ^rbgu, aw« wd f.iya.mgen :-nd these .ve 


1w‘Jl U-yr I l/M(P Wl-C-S’ d'C S-UMl LfV ^ — — 

nera/fy in proportion to /orm uiafer JuJllh the general /omiida L. n fj j\.QJ,,. 


MMUta organic compounds containing hydrogen and oxygen in the oi 2: 1 arc not w.i-d.y.k «r - 


(!) Formaldehyde HCHO =C(Mi<)> 

Witeic acid • CHjCOOH = 

(III) Lactic acid CH,CH(OH)LOOt I C,(H, 0 „ 

On thcfc hand, RhMnoK IQi I.A> *°<* ™< ,he ,a “° o[ hyd,09W t0 1 HO ' "** " " 

taibo hydrate. 


UXiHJ 


"’^M^^^charides are this most abundant <* 'heloui lyp« •< «•• •« ' 

The« are Sugars oi starches , ,. , , 

' They have several rotes Ln living organisms, include nn- ,. — : 

«>mpon«ri!5 of plants and arthropods 

CmU* U ■ 1 . at *.+.Xi,elv involved in lv:'l MAition . :«!.*. :,.■ 

'-aibohydrale derivatives are actively mv ui* 

dotting and growth. 



* "*■ 


Jr.'./- 


. * g 

* , TtV - k 

jl 

t ^«y rag 


- UjCrV ; -* ^ 
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indud" 1 ^ 0 ^ rnall6r Cr ' ea ^ : * s mac ® e U P ot carbohydrates because they are involved in so many aspect 
^ Energy stores, fuels, and metaooiLc intermediaries. 

^ ^ >ose ^n d dec xynbose sugars are part of the structural framework of RNA and DMA 
_ ce ^ 0[ secteria are mainly made up of polysaccharides (types of carbohydrate , 

Ceilu.ose .a type of carbohydrate makes up most cl plant cell waifs.. 

Carbohydrates are linked to many proteins and lipids fats), where they are vitally involve;-' i r 
interactions. 


Cj.A SS l RCA If ON OF CARBOHYDRATE 


£ 


Ewfdie Q3 ft) : Describe different classes of Carbohydrates* 


Carbohydrates are classified into three types 


m onosacch arides 


DejJnmon: The carbohydrates which do not hydrolyze to simple* unite are called monosaccharides. 
This is the smallest possible sugar unit. 

* The term blood sugar refers to glucose in the blond; 

* Glucose is a major source of energy for a cell 
■* Glucose is naturally in honey and corns, 

In human nutrition, galactose can be found most readily in milk and dairy products. 
Fructose is found mostly in vegetables and fruits (grapes) 

men monosaccharides join together in linked groups, they « re called polysaccharide. 


* 

* 


bxamptes; glucose, galactose or fructose. 

CLASSIFICATION OF MONOSACCHARIDES 

Monosaccharides can be further classified by the number of carbons present 
* Among these bexoses (6-carbons} are most common. 


Six = Hexose 


Glucose 


Number of Carbons 
Five — Pentose 


Galactose 


Fructose 


Ribose 


Three = Triose 
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D-Fructose 
(open chain form) 


(cylic form} 


^SACCHAHJDES 


Definition; Carbohydrate producing (UK> monosaccharide units on hydrolysis are coifed disfiec borides, 

■ In these two monosaccharide molecules are bonded together to fonti disacchtirides. 

• Disaccharides are polysaccharides. The term "poly" specifies any number hi<jh‘iear than one. while di 
specifies exactly two. 


Ejwropfea; lactose, maltose, and sucrose. 

Occurrence: 

» Lactose is formed in the milk 

* Sucrose occurs in sugarcane, sugar beet, mango, pineapple, almond and apricot. 


ffow ihcmonofloccha/icfe# combine tifirh esc h other: . , , u , , 

The OH group of one monosaccharide molecule acts as alcohol It forms a atycosidic Itntage w,th the henuacetal 

sra«p of second monosaccharide molecule. In this wav. l^coside is produced which is called d.sacc hand e 

Ulus, disaccharides am tWacelals foimed from two monosaccharides bp the el, m, nation of one molecule o( ,1,0 

moLecule as shown below. 
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D-Fniciose 
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Glvcosklic linkage 
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Sucrose 


^ with a ^acto&e molecule; lactose is formed, which is commonly four ■ ' in in ■ 
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" - - . mo o: rr.ore m onogac c "ai ides The chain may branched (molecule is hke a Iree iviih . - 

. _ ■’T . ; r — 

‘ i- - w “ v -^ 5 ^"Branched molecule is a striaig.hL line with no tvciyi' 

f 0 - ^ckaride nciecui* chau'.s may no made up df hundreds or thousands of' monosaccharide?.? 
Polysaccharides are p .. ■:: ::% A sim ple compound i s a monomer) while a complex compound is a poly n 
which j i'r jede of frvo or more monomers. 


Examples: 5’ arch, cellulose etc, 


A brief summary lb presented below: 



M&nosoccharlde^ 

Corfco hydra te$ 
Dlsaccharidcs 


Glucose 

Sucrose 

Starch 

. Galactose 

Maltose 

J llycoqt-n 

Fructose 

R\hrM 

Lactose 

Cellulose 

i iiMA/Jt 

Glyceraldehyde 

’ — “ 

— — — — I 
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UNCTIONS OF CARBOHYDRAT 


The main functions of carbohyd rales are given below: 



m^ntaimng tody Z “ nCmtr,V<f 0,1 bljildin S. repairing 

amounts of fat are JS toT^^'lltotod?* S^abte tThaS'tKu' uf “*° hydrateS ' * 
accumulate taonu bodies, which make the body acidic This causes 

Carbobyd.,,,0 . —aty for the relation of nerve Bto*. These am th# only s uura . of ^ fo , th , b[ J 

1yPK ° ,CaAoh ^""« "W»»» •“ 9 r “"’ Of healthy bacterta in the mteslines for elision 
Some carbohydrates are high in fibre. These helps preveni consliu lhnn Tt , ■ 

diseases such as cancer, heart disease and diabetes. " ' L L CS * dls ° lotveT * the risk for r* 1 

T-olywchandcs ac. as loud acres in plants in .he form of s(ardl . or in humans and ofhe, animals ,n ,hc ^ 

P ' am ** - * ““ - - P««in, and *. J 
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.1 STORAGE POL VSACCHAR/DES 

».P - 

p j|w carbohydrates are stored as glycogen in humans and animals , 

( jiis a polysaccharide that is stored In the Liver and muscles. 

jjanc.h: 

( These ate glucose polymers made up of Amylose (10-20%) and Amylopeciin (80-90%) 

5tjrches are water Insoluble. 

i Humans and animals digest them by hydrolysis. Our bodies have amylases which break them down. 
, Rich sources of starches for humans are potatoes, rsce and wheat. 
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Structures of Amylase and Amylopectin are given below 
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(2) structural polysaccharides 
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Cellul ose. 


T ie structural constituents of plants are made mainly iron’; cel! dose it is a type of pr;.ysacchar ■ 

* Wood is mostly made of cellulose, 

* Paper and cotton are almost pure cellulose. 
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Cftftfn: 

* It is one of the most abundant natural materials in :he world 

* Microorganisms, such as bacteria and fungi secrete chitinases, which over time can break down ■ 1 f' 

* Chitin is the main component o’, fungi cell walls, the exoskeletons [hard outer shell skin of arthropc . -j. J. *:- 3: 

crabs, lobstets, ants, beetles, and butterflies. 
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(3) BACTERIAL POLYSACCHARIDES 


* They ate found in bacteria, especially in bacterial capsules. 

* Pathogenic bacteria often produce a thick layer of mucous like polysaccharide. This layer protects r.-. 
from the host's immune system. 

I huS ' ! f :he are * n a human ’ 1hen humari ' 5 immune system would less likely attack the bach 

me polysaccharide layer covers its pathogenic properties. 
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UTRITIONAL IMPORTANCE OF CARROHYTiRatp 




SdentiHc research has shown the diverse functions of carbohydrates in (he body and their importance -'or good N 
• Bread, pasta, beans, potatoes, bran, rice and cereals are carbohydrate-rich foods. s 


ffememberf 

* 1 gram of carbohydrate contains approximately 4 kilocalories (kcat) 


* 1 gram of protein contains approximates]; 4 kcol 

1 gram offal contains approximute/y 9 kcol 



(A) BODY WEIG HT REGULATION 


M compared wtfh tm A 


follow a low carbohydrate^ igh-fat diet 
ft is due to three reasons 


fJ> It could he due to the lower energy density of hiqh carbnhLrd.-,^ i , 

lhar fats Fiberiich foods also tend lo be bulky and phusi 'll. m), ' “ ca,b °bydiates haw few. « 

c-m- .U - - 1 biting. «, fewer calories mBy be consumed 


<"> Studies show that carbohydrates, both in the torn of starch an d 


those consuming high carbohydrate diets are therefore less' kkefy'lo SU9llTS ' work c,uick| ! / to aid i: ' ; ’ 


overeat. 


0W\t is evident that diets high in carbohydrate, as compared w,ih ,w ' , . . 

developing obesity. w ,n reduce the lakeiik^ 




fnierL'.vJin^ Itifvnnattnn 

* in several studies, high sugar consumers hvue been ) bund to be slimmer then few 


Co, 


* Obesity means having too .much body fat 


sugor consumer? 
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A** fe n° thence thatsugar consumptonTlinkedtelhe development of any type of diabetes. 

Hi-i ^ an ^ Physical inactivity in crease ihe likelihood os developing non- 

insailtn dependent diabetes, wh,ch usually occ(lrj mid(lk , ag< , 

Weigh! reduction is usually necessary and is the primary dietary aim lor people with non-insulin dependent 
;Type !1) diabetes. ' ' 


ConsUfming a wide range of carbohydrate foods is or, acceptable part of the diet of all diabetics, and the 
inclusion of low glycaemic inde& foods ls beneficial as they help to regulate blood glucose control 

Most recommendations for the dsetory management of diabetes allow a modest amount ol oidinaiy sugar as the 
inclusion of sugar with a meal has little impact on either blood glucose or insulin concentrations in people with 

diabetes. 


IQ DENTAL HEALTH 

factors AflfeeHrtS TcotA Decay 


L 


The incidence of tooth decay is influenced by a number of factors. These include: 
degree of oral hygiene and plaque removal canned out. 
availability of fluoride, 
type of food eaten, 

frequency of consumption of any fermentable carbohydrate 
genetic factors 


JfoJe □/ Carfeofiyd rates In Tooth Decay 

Foods containing sugars or starch can be broken down by Ihe enzymes and bacteria in the mouth. 1 his 
produces acid which attacks the enamel of the teeth. 

* The important thing is the often use of carbohydrate not ihc amount o. sugai or other carbohydrate 
After an acid challenge, saliva provides a natural repair process which rebuilds the enamel. 

When carbchydrate-containing foods ate consumed loo frequently, or chewed over time, ibis natural repair 
process is overcome by the tooth decay process. Thus, the risk of tooth decay is increased. 


<D) GETTING ACTIVE 


There is raw substantial evidence that carbohydrates can improve ihe performance of athletes. 

Doing high intensity exercise, carbohydrates are the main fuel for the muscles. 

By corsumino hiah levels of carbohydrate before, during and after training « an event, glycogen stores are kept 
Z \ stocked These stocks help the athlete to perform fa, longer and help their bodies sustain the effort 

The vital role of ^physical JESSIE® 

; at rl of d-.o P ,rt S diseases such as head disease and diabetes. For those who 

WH to keep fit and active, a well-balanced high- carbohydrate dret rs recommended 
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carbohydrate*? Glv* ^ 9& tefat 

Definition they cunfain curbon, ovyge-v and hy,iray.-ri t.vi.i 

CerboJiydrotes ore ca ted carbohydrates because, my n 

fly In proportion to/orm water with thesenercf/orrnnJn t„ff WL 
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assigned some general fo/jpute- 
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■■2' Quoit floe example of roch Upe Lif tarh^!hi>irfrafes. 

Carbohyd 1 r ?. ’*?* are ciass:! .ed into three types 
MonoJaccJtwndM; e y CplCCSe. galactose ftydosi 1 
D 1 saccih a ri dfi : e.g; lactose, rr.AdOS?. sUCIQSP 

P ol ys ucchari des ; e . g . stare h, . c«r li ulose 
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1 4) Who-i do ^«ou understand fry jl'jttmJc Index? 

It is a new system for classify 1 ing carbohydrates is tin, 1 gtyectnic index. 

The glycemic index ranks foods on how they affect blood sugar level by measuring how 
blood sugar increases after one eats. 


EliLJ 


ia ■ Haw much cafr>rte* do Igm of carbohydrate hate? 

i gram of carbohydrate conrcins opproximate/y 4 kilocalories (kcat) 



i'6,- Ort lliS{i( /actors Ioo£fr decoy depend? 

r f.y incidence of tooth decay ts influenced by a number of factors. These include: 

* degree of oral hygiene and plaque removal carried out, 

* availability of fluoride. 

* type of food eaten, 

* frequency of consumption of any fermentable carbohydrate 

* genetic factors 


PROTEINS 


Definition: The mo/eaPes which yre.'d amino acids on comp Jure hydro, 'unis are colled Proteins 


Proteins are probably the most importani class of biochemical molecules, although of cou's 
carbohydrates are also essential for life. 


Proteins are (he basis for the major structural components of animal and human tissue 

Proteins are natural polymer molecules consisting of amino acid units. The number -t L uv.: ■ 
proteins may range from two to several thousand. 


* 


These molecules contain nitrogen, carbon, hydrogen and oxygen, 

They act as biological catalysts {enzymes}, form structural parts of organisms, partie pate ir . , 
recognition factors, and act as molecules of immunity, Proteins can also be a source of fuel 


LASSIFICATION OF PROTEIN 


Three classes of proteins are usually defined 

A , Sim flic Proteins; 


Definition: Those which tjiwf ow r funino acit 1 on fo. upon fiydrofyvis 


txampirs 

* Afbumlm ; 

' J*" d ( r? m l’ un ! i 2 ,: m * (l ~ tafc ^ «® whlte («w*unntih lentils ;U w ,din) klJr , 

{phaseolmj; wlieat (kucosmh h - J 

^ Globular protein is soluble in water and dilute salt solution 

It Is precipitated by saturation with ammonium sulfate solution. 

■P ft is coagulated by heat. 

/ It i!» usually found 111 plant and animal tissues.. 
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/ blood (serum globulins); muscle [myosm! 


^P, 


Oullryf fJftfrstttJry Federal Ur/arit 


Uegumin). potato {tubeiiiv; Brazil r.uts (excelsin;'; hemp (cdcshn.-; Lentils 

/ Uisp^i^tet^l^ and •**"• * ™ uhai **'*»»• 

/ || is coagulated by heat. 

4 It is distributed in both plant and animal tissues. 


• GJuldJuf- 

/ Whear < glu tenin ) ; rice [ ory/en i n ) 

/ It » insoluble in water and dilute salt solutions. 
^ It is soluble in dilute acids 
/ It is bund in grains and cereals, 


* HfiJones; 

/ thymus gland, pancreas and nucleoproteins (nudeohistone). 
^ It is soluble in water, salt solutions and dilute adds, 
d It is insoluble in ammonium hydroxide. 

J Lt yields large amounts of lysine and arginine. 

^ It is present combined with nucleic acids within celts. 

* SdenoprulL'Jns; 

^ connective tissues and bard tissues 
^ Fibrous protein is insoluble in all solvents, 
y 11 is rcsistan t to d igestion . 


i CONJUGATED PROTEINS 


r Those ur/tfdi give an uni mo add and non-proterri groap upon hydrolysis 


* Hudeoprotvins: 

* cytoplasm of cells {hbonudeoproteinh nucleus of chromosomes ideoxyribonucleoproleinj. viruses and 

bacteriophages. 

^ It contains nucleic acids, nitrogen and phosphorus. 

J |t j 5 present in chromosomes and in all living forms as a combination of prole in with either DINA or 

F m 

* Mucaprotein; 

* saliva (mucin) and egg white {ovomucoid .1- 

^ Proteins combined with amino sugars, sugar acids and sulfates. 

G | ji tup ro &£ [ft ; 

* bone {osseomucoid}, tendons (tendomucoid) and cartilage (chondromucoid). 

' If It contains more than 4% then hexosamine, mucoprosems: 

/ If less than 4%. then glycoproteins. 

Phospbopra ttJto 

/ milk (casein) and egg yolk (ovovitellin). 

* Phosphoric acid joined in ester linkage to protem 
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C. DERIVED PROTEJ/VS; 


Dejlnftfori; Those which ore derived from simp/t? and conjugated proteins 

Exompfe$: 

• Prptflnns: 

^ edestan (from elastin) and myosin (myosin), 
it results from short action of acids or enzymes, 

J It is insouble in water. 

• Proleases: 

^ Intermediate products of protein digestion. 

S H is soluble in water. 

S ft is not coagulated by heat. 

It is precipitated by saturated ammonium sulfate. 

It results from partial digestion of protein by pepsin or trypsin. 




* Pepfonesr 

^ intermediate products of protein digestion. 

* It has rhe same properties as proteases except that they can not be saited out. 
v it is of smaller molecular weight than pro teases. 

* Peptfdes: 

v i n termed iate products of p rote in digestion . 

^ Two or more amino acids joined by a peptide linkage. 

^ It is hydrolyzed to individual amino acids, 


TRUCTURE OF PROTEIN 


Exercise Q3 (HJ; Explain the slrcicture of Proteins, 


The structure of a protein depends upon the spatial arrangement of polypeptide chains present in proteins 
Since three spatial arrangements are possible, proteins haue the following structures. 


(A) Primary structure 

(B) Secondary structure 

fC> Tertiary structure 
(D) Quaternary structure 


— fc -^? f 2Jr OtJer e nHele primary, se condary and , Mlant ^ (1J „ 

(A) THE PRIMARY STRUCTURE OF PROTEINS * * 


The sequence of amin o acids in a peptide c hain is called phmary structure 

* Amino acids are linked with 

primary structure. 


one another through peptide bond. The arrangement of these 


acids is 


(B) THE SECONDARY STRUCTURE OF PROTEINS 

Peptide chains may acquire spiral shape or may be nresent in .. I 

of polypeptide is called secondary structure of p Tote [ n S ' ra3 TW» coiling or zig-aaffl 1 ’| 

* It is due to the formation of H-Bonds. 






Cidfrnjr Chfnl+m ft U‘»rd fef-W 


T7I 

T£ fti;AffV STRUCTURE OF PROTEINS 
,. or folding of polypeptide chains represent *rtiary structure ,; prt^ms 

^NAflV PROTEINS 

Quaimary means four. This is the fourth phase in the cteaiion of a ;n. win 

Quaternary protein ls the arrangement of multiply folded prc%: n or coTng prate in moVcu.es in a multi - 

abunii complex. 

\ variety of bonding interactions including hvdrog en r. ■ -,j — - * bridges . wi. disulhne bonds hold the 

^$fioU5 chains into a particular geometry. 
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PEKTIES OF PROTEIN 


a 


totems are one of the four major groups of mncromolecuU- ‘hat arc found in ■■ **3 W * 1,V - MVS 

These giant molecules carry out many ot the c :ial - i3nLU 5 '" ' L 1 

_ - . . ,c friod digestion, cel! sztuccutc. cdift-v v movement c ’ergy 

Proteins are involved in such processes ^ tow oigtauun. 

manipulation and much more. 

T%« complex. h«. .BQci*** rf molecular subuniH ** W *•«•»* «* «» “ undeN * ! ‘ l 

Fortunately they are all built u^ns the same construction principle 

* , . #oi „ € * r * noi, ime (S : xenj* w ed of sm al io?r - .: be ' ; • c= ■ m ' - ■ ae** i o inej 

As with all macromolecules, proteins are polymers, ™ 

together in long chains. 

L „„ „„ „ aminn ad* found in most proteins AT. tea one «••• s* aroi. inuk* 

There are about 20-22 ' £ the naU[e of one chemical group - terrao! the H-group 

^ lhe Same common structure, bu. ,..., . 

0 f ,hese R-qroupi that make ammo arias u.-:e:v iron-. m,.i 

h is the varying structure and propert 

another , r 

- Irtnn chains called "polypeptides a name •>.-'! icn coim- m. m .:m ty;v ot 

Amino acids are joined together in * / toae ther The group of atoms thai hold ihe =•;. mo o&.h v'^mer is 

' )0nd folding the chains of ammo »c i ^ ' id& , ng a polypi i- : v, i = ih I;-: cs f: v :•>: 

^ a peptide bond. The order, or sequence oi omir 

cntical pi^perty of proteins, its primary stwcluie. 
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1 '■ "■ !'•* in tlirv i'irr thoiiC|h| In hr vr;y intporMrit 
'' ,l|1 ‘ 1 1 " 1 '' 111 'in 1 formation ol protoplasm Protoplasm i$ tbt essence 
! irDk'!' is tin ! ii i [is Mir aimt'i of hei rxlifv fruiTi one (Jenerri^fji 
1 -'liilus* and iliry <irp also prole itis. Without rffw'yrru,' life s m-' 

‘ ■" U ■ i 1 ■ -i ■ ■■mu 1 : ol oxygen 

■ iOi 1 1 Him I hey carry oul the regulatoiy font (ion oJ rf:; 1 Uxf'., 
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* 81 1 1 L 15 - ! ■ j i - i- jv-ruiiiLV ,'i industry Hie tanning of hides ns fin industrial proa: 

pun ipiE^ln i\ ] yih liy lannic add 

i.7i t tilatin Is obtai •. iti i b • ; foil sand tendons ih water, ft is used in- bakery goods 

lA 1 ■ • ill !‘k- manufacture of burtons and buckles. 

,t>l f u ■ 10 : ! 1 : : : ' a- ■. . ■ : . ; t ■ st >y< e , 1 1 1 are used fo r th e m ; i nu i'. : ic: n. r : a p I | :■ aa I it -■ 


process i 


QUICK QUIZ-2 



1 [ ’ What ore protein,;? f.ij: vjmpfo ehwifiroiUms. 

The molecules which w eid amino adds on complete hydrolysis are coiled Proteins 
t >otc:n? are classified : : u'\: types 

St'npk* Protein*: o.y, . 'dh^riinF Globulins Histones: 

C onju got e*<i pi'L.vr C r? rs : f' q . fo a /rapr o reins: Glycoprotein 
Berhed protein*; r .a. Proteases: Peptones: 


) 


0> Prl "‘ arV ' »«»"*»» «*«» «««*»* O/Prtitclns. 


<l3.i What are polypeptides? 

Wken min ° ^ Cf»l™ fcv p.piide bond to ,b e compound is « „ 

O “■ 


• C/t- c- 
R 


o 

NH-Chh-C 


R 

Polypeptide 


. i;ce£ 


-NH- CH—C 
n * 


OW 


■r.v 
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The life of living organisms i s , Mon ol what is going on 


^ 1 L 1 It LJ LJ‘C.J't.1 |t?S 

• Mctabnllsrn !i (h? Mf , 0 f biochemical ve.Klions Ih-ri „„„ , 

Iiiesc prates;; illow organism !o grow and reproduce maiHai'-' h ^ 3 ' 1 ' 1 '* l,S wd,;r nu, "'“’^ 
environments Jt is of hwo types. ‘ ' 1 11i1ir ' 1rt|ES N ^n : structures, arid vMjwnd w 


' Anat ‘"^’» It i-’-ctudes the biochemical reactions in which I*™ , 

' Cntab,M,m J i: ' r i; dBS «“ reactions in which 1*4 are ESZSl , 

L-mnlly. energy is released in catabolism and iii. ,, j broten down 

1 ■•wjKTlwmic-id reactions are actually energy translers. ' '» thH 

" 3 ' '-**”«* arc one form to the other by en,ym« 










j , tl;6KrtA* |9,l * l * r V 5T*7i 

** fH ■ Colftge Chtniti^; FfdfrfJ 

- , Enzymes act as biocatalysts and speed up and regulate metabolic pathways 

, Enzymes are proteins that catalyze (i.e. speed up! biochendcal 

reaction. 






reactions. These are not changed during the 


( The molecules at wheh. enzymes act are called substrates, and enzvtne concerts them into different 

rnoletules, called products. 


(2)t Haut Joes enzyme work? 

EwPo ls ENZYME WOR K? 

, When enzyme attaches with substrate, a temporary enzyme -substrate ; E3 complex is formed. 
* Enzyme catalyzes the reactions and substrate is transformed into product. 

« After it, the E5 complex breaks enzyme product. 


II 


E + S -> ES Complex -) E ‘ P 

W LOCK AND KEY MODEL. 

» In 1894, a German chemist. Emil Fischer proposed lock and key mode'!. 

* According to this model, both enzyme and substrate possess specific shapes that fir exactly into one 
another. This model explains enzyme specificity. 

Products 




Enzymu 



Fig. Lock and Key Model 

iNDUCED-FST MODEL ; 

* In 1958, an American biologist Daniel Koshland suggested a modification to lock and key model and 

proposed induced-fit model 

* According to this model active site is not a rigid structure, instead is molded into ihe required shape to 

perform its function. 

■ Substrate Acl j ve &ie changes 
Ks shape 


Enzyme- 

substrato 

compl&x 






■V I, 


■ K ■ ; 


* f • Y 


A/ * /■ r-. 


T*--* 



v j rifm 

. 7 , wi,,;^;. k,,'. 1 " ,j v/ , ( .•„,, ^ llitf ; 


• ' w - — ?*» xz w 3 


'■■<) Enejmwsoresijbs&pie sparAfiT' ' “ ' W0, ' B “ f ln «*■*« 

by an " '"' pcplrcfe hon * 1,1 P™ 1 * 1 '^ «« “ ork ™' *«*», f" 

! W*™ >g«5wi.-c gels on (ipfcfs ,J„J 



f. e :cr.r; mro iouy acids and glycero!. 


^ IS S g S£^j taw .. rf — . - 

. a,X,™ . 'T!l * nvironment in «*«* 


A . , . . ■ » i" L- O I V I ra n m cni J n whic h they work 

ft*J* I!!' 7 7 ChanSe ^ ChemiStlV 01 ihape °' *"*">• «•«*. can .[fee, its aCMty 
I < lowing /odors offeci she enzyme activity 

<*} TZMPEftAWHIl 



7*7 '1 7f« ture ‘S’* UP the rate of en^camhW 
edcuons. I;,ur only jo « certain point 

7* fln4rae l -™ [ks •« its maximum rate at a SMdf ;,. 

415 ** =f ™™ temperahite for .ha, 

,7 r !l * 3 1o a cc "'"" i‘ mil heat adds in ihe 

re«T°V ne, ' Sy anti 41,50 prt,v:cle5 W™* energy f or ,v a 

reactton. So rvathons ate accelerated. 

temperatufe.^l', 1 welt . abovc thc optimum 


kn 0 ™ w 7^ of b u n* « 

■ '■■■ a Lnfltu ration of enzyme [i ln , . 

““ W ™ ^ elX'iely 




- SUBS THATE c ONCmTRA TfON " — — — — — — 

rat^eachon ^ 

!i=ris^rr 7 ™ <>- »*-. h 

“7^; *“ "? ioaeaee ,he^at7e^o" CreaSe *" 

substrate ™, ““ °‘ *" *"*'"«* are ™=upied at high 

This stole is t^te sile ' 

increase ‘ ' - t7M ^ ^aron j 0es no| 


m pH 



called^ the ^ &t 3 Tiarrow ran Be of pH,' 

■ 5asr*“"***“*<*«*. 

* Change in pH can affect ,he i 0ni2a(jon 0 , ih(J ln . 

active site c amm ° a Cids at the 

Hvexy enzyme has specific Optimum pH value 
e.g. 


pi. f i j^j]^ forking in 5 L omacb) is active m acjjj. 

hypsin fwocking in small intestine) *»,. «, 1 ™ J,Um ( ow pH > 
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I S£*"« S (het ,e " d IO d4rcrecisp lfre ojf enzyme*"^. crftad inU'ft^ 

| ^ Jailor is a chemical substance which can react ff F , place «/ siih.h-i CTJ TCt’ ,1 with the* enzyme, but is ripi'cr 
U^ni/crT^ Jra((> pro WCJs ^ bJocfcFnjJ the acl?Ue sUc of enzyme tcmpororF/y or pSrrDWWtit^- 

EtimtpJ'e*" 

Poisons like cyanide, antibodies, anti-metabolics and some drugs 

* - - 

-J Evf£5 O F INHIBITO RS 


■T 


[nhibstors can be divided into two types ~ 

faj irreu^rsibfe inhibifors 
fbj Reversible inhib irons 

Insensible fnftJbJiars 

* They occupy 1 the active sites by forming covalent bond or they may physically block m. active sites 

* They decrease the reaction rate by occupying ‘he active sites or destroying the globular structure of 

enzymes. 

fteoensJ&fe /nhfbftors 

* They form weak linkages with the enzyme. 

* Their effect can be neutralized completely or partly by an increase in the conce: oration of i v: suosirat? 




ROLE OF INHIBITORS 


* The inhibitors may decrease the activity of enzymes and thus the rate of li e reaction. It decreases the rale 
either by combining directly with the enzyme or by reacting with the activator, v • -.a. ■ e act vator - n 
remain available to enzyme for activation 

There are (wo types of inhibitions 

Cpmpeftftoe InhibiiToii: , _ , , , . .. ■ , 

A number of inhibitors have structures similar to substrate molecu.es. So. due to bar sn ah:.,:! similar ih, a , • 

substrate they may be selected by the enzyme binding sites. However, these ore not able to c.f .-.iv me y 

die. They compete with the original substrate for the same binding site. Often their affinity to the enzyme is much 
higher than that of the substrate, so the substrate is displaced effectively. The enzyme molecules are thus to a large 
%ee inactivated by the binding of the inhibitors. No products are formed in this way. Tins type of inhibition is 

known as 'competitive Inhibition 

*££«* (substrate) is converted into Fumade add (product) by the enzyme succinic dehydrogenase 


Suctinic dehydrogenase + succinic ad 
fEntirwj fSufcjiraftJ 


Fumade add - suo in.c dr.iv-. ■ ■ 

fpri-tJuLT, ..:,•••■ 


D . f . . . . rawnfM’titiue inhibitor) having structural similarity win succinic acid 'sub^rc^ 

5?."* ** presence of malonm Kcnte . llo catalysis lakes place rv ctofcfc 

™« binding silts are occupied by the maionsc acia 

^ce no product is formed 


Succinic dehydrogenase + Malonic acid 
fErwflmt inhifcfcw'J 


No reaction pots ible 

(Enii^nt bi'i> i y%ii 
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( iiffi-gH- i i , . l ,i i - -, r.> i. t i- limit 11 ^ 


m,nh„n<,u v 

Mon-Competafioe Inhibition: 

• H^MK^h IT *'* " i Cali ! d n6n ’« im Petlliv* inhibitors cause “non competitive inhibit 

, u, " 1 ' ' t<>[ ' S not bound “> «* «** o, acive site bui to son,* orl,.-. . ,,, 

1™:,7™' S ^ Meeting the catalytic site of (be enzyme in such a ««* ih 

• r, r, , b : lds the *»« si.es. catalysis fails to take place 

blockiiio '■ •' - C : ,U :r d ' , "' ryn!< '^ ■ rreu ® fB fcte inhibitors cause irreversible ir hihit or • 
ol nrjirttnm in ■ ljLj ° ehlf ^ rTse5 Qr occupying the active situs and forming covalent be 
destnirtin tUB 1° the occupation of .active situs of entries b\ . ■.'■■ : 

flistmchon of the globular structure of enzymes. 


rif U 


,nns 






5F? ind “ 5lIieS f ° r -e^tions. For example; ~ 

bunfJtc EnV "“ ,ha ' break starch '"to *9*3 ant used , the prorL, on .- 

* pXelotr EnWn “ break 5,arCh ““ prateins - The Pto*rt are used by yeast for feme 

% sZTjlr E TT brMk ,terch !c 3 “" i,s visc< *' , V Ihtrt aids : make, paper 

W ^ * «« removal of prorern ^ from clothe 

e \c :■ i h I .; i n [ h-iardi i esiric ws 


QUICK QUIZ-3 


fl> D" 1 " « ™^"«7 fey are !(,«„ 

the 

\£) Ho w does tnrytne u*>rfc3 

Page 


(SI Who u^d thr. r«m Enzyme first tints? 

^ fGreek:£n jn + ^ ^ 

4 3cUnti3L, famous for? . _ 

(v hinft Flschrf 

.. . 

This model explains enzyme speckiciiy. 1 &pec ' lil: stw Pes that fit exact . 

(It) Dantel Koshland 

in 1958. an American biologist Daniel Kochi-... j 

According to this model, active rte is 110t ' Pmpos f ,h * "Klswcd-m model (« :hl . w .. . 
Pfflfomi iU function. ' 10t * «•* 5, ™^e Instead is molded into ;h , ^ 

( 3 ) fnijxixs m extenjlvelji (a .WtnM MaaMu &Z^T“ 

Enzymes are extensively used in different i„ri„o T '*'* «■«•"■ ™ 

flj Food Industry: Enzymes that break starch ^ Wrtrhnn5 For example: 

buns etc. ' n, ° ** used in *, ^ . . 

pX*r;7 ^ ^ S,ard ’ a " d ~ The produce are used by , , . 

^ P ,,, 

enzymes are used in dish cashing to remove msisi’ 1 , 01 ~ — »ont (iw be. 
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- 1, ,v=x; - "'•■ r 


^rjlJS'4’ 


c,.rri ; ;i - 1 .',i ,i i 'ii' ■ f Bu<tr*i Put* *i 


N ^*»f curr,n< ’ cr3anic 

jjfnfNpl*' 

- «M«I M 15 detlved ltom Creek word, lipos means fat. 

^.,1 1 1 iTiC" rnnrirt <•.( „ i ■ 


'SiCi;. 
thj 


t ^ 
ali;: 


Tl* 


r — <vuiy. LL^joi means rat. 

These molecule?. consist of carbon, hydrogen. a"d oxygen atoms 

S* ma ; n “ nsliluen f ol f membranes in a) cells (cell walls), food storage molecules, 

^j^rtncHianes in stamanno nAUiu..-.; ic t.‘, .\ r. -■ , , 


CH^OH 


I ME 111 nli ceils Ci?.! .k n.:- too 

jnteoneoiaTWS in signaling pathways. Vitamins A. D. Eand K choli -aerol 

i4l , lipids are MrophoUe: Inis is the one prop, v the, :: .- : up t 

molecules induces tats and oils, waxes, phospho ■:c. : .s, raids r!\ •'■•:. . . .=:. i some 

grhef related compounds. 


CH—OH 


CH-OH 

pflts and olu m ™ e / rom iu, <> Hindis Oj molecules: glyCei'O : " ; u: , ■' ■ ho "A-lth a 

hydroxyl group on each of its three carbons: and three civ ■ ■:■ ■ joined > : . dt:hyci:aEh n Gi>ceroi 

c,i’Tith05is . bfcjjce rhere are three icittv.' Anirl^ ^ttArhinH r i •* ai* ■_ . ,.i n l- i . 


hydroxyl arwup '-ju mu, in Its mrec carbons: and thm .:e 

synthesis. Sir.ce there are three fatty acids attached, are kno . n; : ■ ■ ■: :. ■- 

0 


: : 


CH^OH 



CH— O C 


3 


o 


CH-OH + 3r _ 


.in 


O 


OH 


CH- □■ — C R + 3H .° 


fatty acid 


CH r OH 


CH r -0- 


i I 

c 


■R 


Glycerol 


Trig I yet' 1 ’ d e 


\SSif lCATION OF LIPID 


Hiere are three broad classes of lipids. 


1»LE LIPIDS 


afjed 


sWP* 


^tiMe are the ester of fatty acids with glycerol 

M«r 

TdSflWridet, neutral Jots' These are louoti in adipose ussliu h 
»«M. beeswax, heat! oil of spem. whale, canwuba oil ««l 


■ : om oil 
■■' iu'ootl^nce 


£OMPOUM> lipids 


^ contain radicals in addition to fatty acids and alcohols. 

fl£dptyfe*r 

• fl.e.p/.»Hpid. (phosphattdas): Found chicily in onlmid nssu.-, 

' ^osmaloeen: Found in brain, head, ant! muscle 

* dm Found in brain, heart, kidneys, and plan, 'issues ugelr •■: , e. 

PltophatU. linked to inositol; rapid synthesis and dejradaiion 

SCUto: Found in nervous tissue, brain, and red btood sell- Soun r 

!ic&ue. 


! rosp ; idiiuyl ino$it< >1; 

. 'f trcV if ' • : : : 


>ri 1 ■-! < ."I? id i i 


^jvgg J Lipi Ds 

* ' ?Se hydrolytic product of compour 1 ^ hpids 


FJr occur in plant and animal foods; *» «*» ^ 

■ ,0r[| IWtoVas ol fals; usually contains an even number os carbon at, .«* , 


isianctfs 1 1 it : . 
tin derivative's. 
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Cntti'‘3r- f !k fj'l ' '■t r V ft-'dr I'aJ ,'i 


briefly ffrc structure n/ fipids 






TRUCTUflE OF LfPfDS 



* Lipids are generally defined in terms of solubility, and not in Terms of particular : i . res lrt 

proteins and nucleic acids are defined in terms of par ejlar jnucTures 

■ Lipids associate with one another via van dec Waate forces and the hod: phobic ertect 

Structure of Fatly Adits 

* 1 lie "tail of a fatty acid is a long hydrocarbon chain making i: hydioph bic 

* 1 he "head" of the molecule is a carboxyl group which is hydrophilic 

Faity adds ore the main eortrpupienU of soap: In soap their ‘ails are soluble in Oily dirt and their heads 
in water to emulsify and wash away the oily dirt. However, when the head end is attached to glycerol to 

that whole molecule is hydrophobic 


The terms saturated, mono-unsatu rated, and polyunsaturated Ry 
shows the number of hydrogens attached to the hydrocarbon tads £' 


H r 


t 


of the fatty acids as compared to the number of double bonds '3 


f 

hi 


H H H H H 
I I t i I 

C- C- C- C-C-C-C’C- 
I I I I I I I | 

HHHHHHHH 
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■N 
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H H H H H 

! I ! I I I 

■C--C-C-C-C-C 
I I I I I 

H H H H H 
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between carbon atoms in the tail 

FATS: 

* hats are mostly obtained from animal sources. 

■ These have all single bonds between the carbons in their fatty acid 

toils, Thus atl the carbons are also bonded to the maximum 
number of hydrogens possible. Thus, these are called saturated 
fats. 

* Fats are solid at roon] temperature: It is because the 

hydrocarbon chains in these fatty acids are fairly straight and can pack close I y together. Thus, their 
points are high making these fats solid at room temperature. 


•■v 
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OILS: 


- 


P*?"* mostly obtained from plant sources. These, have some double bonds between some of 4 
m the hydrocarbon tail, ft causes bends or "kinks" in the shape of the molecules 

°! fht : carb ™ * to ™ share do ' lb]y bon< ^ so they are horded to less number of hvihcy^ 
than saturated carbon atoms. Therefore these oils are called unsaturated fats 

Olb « at room umparuma: These are liquid at room temperature, it is because cl t:x \ •* 

i r U " Satura,ed '** eaiWot P ack “ Wgetim. Thus their meltmg points <f 

making them liquid at room temperature, 


■ 2 .' 


Important! 

Theuns^ted/ots are '■healthier" than the saturated ones. 


PROPERTIES OF EIPJDS 


(S) PHYSICAL PROPERTIE 


m Oils and fat; may be either liquids or non-crystalline solids at Pom temperature^ 
m Fate arid oils m the pure states are colorless, odorless and tasteless 

0> kerahn. l0r ^ SUb5 “" C ** ** «“»’* V««ow color o, the butter is t0 lhf ;t *f 

(4) They are lighter Ifian water. 

(5) They are insoluble in water. 

W Th^' aw readt| y soluble in organic solvents Like diethyl ether c*pW r i,- , l ■ 

chloroform and carbon tetrachloride, 1 J disulphu.*- Jee.o-i* 

{7\ They form emulsions when they are agitated with water in the oreserv'e ni 
(8) Fats srd oils are poor conductor of heat and electricity and serve as 





SB 


t’ttMTJ** <T]rraiiJr\ - FVdvvai Board. Pari-ll 


reaction but the mas! important 


are . 


jj . Bfchrflf'nisf.rv 

^ird oils undergo various types u[ ^ 

(jj Hydrolysis 
,'fij Hydrogenation 

^^ff OLVSJS O F FA TS ANDQ/LS ' 

# Fats and oils are triglycerides. They are T riesterv They are hydrolyzed by enzunies which act as catalysts. 

These enzymes are called Upases 

* Actually this hydrolysis lakes place in the digestive tract of human beings and animals Fatty acids are 
produced in arnmai body which play an important to'c in the metabolic pathways. 


CH— 0- — C R 


ChL“OH 




CH-0 — C R + 3 H -’° 


1 1 pose 


CH-OH + 3 R- 


C OH 

fatty acid 


CHj-O— C— R 
triglyceride 


CH-OH 

glycerol 


12) SAPONIFICATION 


*. of ta* Th«e -d - 

rog?" are called soaps. 


CH-OH 


CH-OH + 3 R — ■ 



t® _ — ■ — - — ■ — —p . j 5 room temperature. They are called Oils. 

triglycerides are uq . t h em jn thfi presence of metal catalysts Sc. the liquid 
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klu L .'-’ r^v k ••rr". *; u i l ri.tr r,i|i !■'.-• ..• ;• _ 

Tr.^ reaction :? us^d commercial . :o the t - v - . . v nrcx : ■■ > P ■ v . n ;, „ 

rtiaraanr.e 

* The-*e hardened Otis are also used extern xeL for mah.:-. .; s t \V’S Ard -;x 
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CH^O — C — {CH ] C H — C H — CH ~CH, 

o 

CH— O— C — |CH ? ) C H — C H - 1 CH i — CK, 
0 

^ H j O - C ( CH h-CH=CH-[CH.) — CMj 


CH,— O — C — iCH ' 


+ JH 


Nt 


o 

II 


CH — O — C — ;CH ( 


Glyceryl tntMeale 
i an ori i 


O 

, II 

CH f -0 — C — (CH. I- - CH. 


tj-yCi'tL IlSloarLlie 
( j ia! 


nirtrflfgiMf /mportonct ofLlphi*-' 



NUTRITIONAL IMPORTANCE OF lipid 


LtpuSs play three major biochemical rc-ies 

m . a storage form for nwiabolit energy trrgvcendes' 

(W As components of membranes 
(Hi) As messengers (prostaglandins, steroid hormones 
* A major to k of I ipi d s in nu tn tion is to p rovide e nergv 

’ 4nd ,; “ n5 fa,S fl " »“* fc *“* fJ “«»» P« * coated cartohydr ,, C 

: “t: ^ tszizz rrt rr ■* « ** «* * - •* 

vitamin A, vitamin D and vitamin E ^ 0rb anc U5e Soluble essentia! nutrients suer aij 


fSSfJVfMJ, LIPIDS 


* Some nutrients are essential in diet for oood with T h* " — . 

• 1 fw essential lipids are polyunsaturated fats called 1^6 ™ ^ 

sskt - — ~ «? stt r 

: «MSr£ss—ssr« 


RO JV - ESSENTIAL LIPIDS 


* Monounsaiurated fatty acids are notl^ntrS.TTTr- _ " ' 

• They may help reduce risk for heart disease. “ htau " *» ‘“dy can 


They are in olive oil. peanuts and avocado^. 


• \ 0 U do not need to get saturated fat trans fat „ , k , 

' ° leS I et °! le, :' eis in V™ Wood- ' ^holesteroi in y ollr diet, and these lipids raise !« 


— ZJ’" ■■ yului 

cholesterol levels in your blood, 

Saturated faf is in fatty meats ar;d cheese DaJm 
• Tans fa, ,s in padtaliy hydro^^d oils ln 

■ cholesterol is fatty ar.i^ 



Information 


Our bodies make about 2 g of cholmtprni tv,* j t 

ma * es up ° toul 85% °f blood cholesterol, white »*k 
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BE 


Cnllztjf CAffwisfry. Ff dernt Ftmifd: Part-H 


gj^Sirfunctioris of 1 iptds are ; — 

, tissues reconstruction; 
i nctvous system organization; 

* increases and assures a normal function of the skin; 
t antibodies formation, 
f good function of endocrine g!ands( thyroid): 

* water metabolism; 


te$ « 

£)!0i 

jds 


Ifj/CK QUIZ-4 


Hlwiare tiplds? Sfrortfy expfaln the only property tAat all the lipids hwe In common, 

S^iurdlly occurring organic compounds of animals and plants origin, which are soluble in organic sofvents are 

caifed lipids. 

Ml lipids are hydrophobic; This is the one property they have in common. This, group of molecules includes fats 
and oils, waxes, phospholipids, steroids (like cholesterol), and some other related compounds. 

) What ore irigtycefides? Drum fis structure 

Fats and oils are made from two kinds of molecules: glycerol and three fatty acids joined by dehydration 
synthesis Since there are three fatty acids attached, these are known as triglycerides. 
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CH— OH + 3 R- — ( 

^ — -Qbt ^ C 

jH u u 

fatty acid 
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+ 3 HjO 


CH,-0— C— R 


Triglyceride 
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NUCLEIC ACIDS 


Discovery: 

CU Nucleic acids were first of all demonstrated in the nuclei of puss celts in 
f2| ] hey were found in sperm heads by I nerlveik Miest her in ! f'A 


Nucleic, ncfdi are present In; 

(!) In every living m\ ns- well as in viruses. 

i2] ] hey have been found to be essential substance of genes. 


Properties: 

U.) Nucleic acids contain in their structures the blue-prints for the normal growl! a; • 
and every living organism. 

(2) 1 hey have two fundamental properties which are common lo all living o.g-ir .i. 
a] The ability to reproduce, store and transmit genetic information 
bi To undergo mutation. 


Types of Nucieic Adds : 

Triers are two types of nucleic acids w^hich have been discovered: 

(1) Deoxyribonucleic acids (DNA) 

(2) Ribonucleic acid (RNA) 


Afucdefc acids «nd proteins; 

• in the human body the nucleic acids occur as part of the conjugated pro re! r- 
nucteoproteins. 

* T he nucleic acid s d irec t the synth esis o f p rot* 'ins 


Exercis e Q3 fuj: Exploln iJig irmeturM of jVu cl*l i- acids r 


THUCTURAL COMPONENTS OF DNA AND RNA 


• »? d ™Mnibonude,c acid It is a polymer of deoiqitibonudeolxl.-, 

• HNA stands, for ribonucleic acid [j i s a polymer of ribonucleotides 

. T he nucleotide consists of: one sugar, one nitrogenous base, and * | eaM TO phesphate 

• J he structures of all components arc given below 


(t) SUGAfl 


The sugar in DNA is deoxyribose. ■ ~ 

The sugar in RNA n libose 

The deo„v preiix indicates that this form o! the sugar contains one less 1R)rr , . 

pentose sugar ha, two hydrogens attached to it instead 0 , hydrogen and hvT:l\vS '-OH 

iu OH 


v .tc u 


HO’ 


XT 


HQ- 


OH 


'CH 


OH H 

DeoMyjiiijEjse sn/gar 


OH OH 


• All of the mb ogenous Is sec are finked to the C t atom of thy urn «■ h. ■ 

* The phosp hale q roup i s a ttae bed to H ut byd roxy I group of C - o Ju , m % ‘ ' ° V ' " W ' )up 


il ^.1 


: 


■■ d ttS.i 

'i.eii- ■; T 


•- * m t ” v 4 . jjyt? 


• “ - v w:; : : •» -- *r». • -r •’ 
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Purine 


pi.. fflecfr=' 5|Jlf T ) 


)US BASES 


Cc.Wr<ju! ChfmrsJTii.' S'efierai Bcmrd.- Parl-lS 


fl/id pyrliRFctirr 


es. 


, There 5ie three pyrimidine bases. 

. Etch consist, ct a 6-memb^d ring contwinj, both nitrogen an.) carbon 

* Two pyrunidmes, T hymme and Cytosine, are found m Dna 

* W alsfl contains ^ py 1 iTTiLdiETcs, but they are Cytosine and Uracil. 


atoms. 




PynmsdillO 


are 3 


I] PHOSPHATES 


* The addition of one or more phosphate groups to a nucleoside, makes M a nucteotide. 

* The nucleotide consists of a base -sugar-phosp hale unit. 

* These units on polymerization form s DNA . 


The purines are made from two heterocyclic rings of carbon and nitrogen 
In. purines a 6-mem her and a 5- member ring are fused. 

There are two purines. Adenine and Guanine. 

These are found in both DNA and ENA, 



nee between DNA and RNA 

i differ in following ways. 

'The agar in RNA is rihose while the sugar in DNA is 2 deoxyribose. 

1 Four different bases are found in DNA cytosine (cj thiamine (T) adenine (A) and guanine (G). 
In RHA thiamine does not occur and its place is taken by uracil .U. , 

'DMA is neatly always double stranded, while RNA is usually single strand. 

'DMA is used to store information while RNA is used to transfer information 


Z-5 


tflt udrties of structural components of DNA (imi HjNA 

So* DNA and RNA are polymers of nucleotides. 

1 nudeolide consists of; one sugar, one nitrogenous base, and at least one phosphate. 

-Styor. I n deoxynbose sugar and in RNA it is vibose sugar 

haaett , n DNA ’ four nitrogenous bases me: Adenine. Guamm. Cykisine and L'hiaunt* 

In RNA. four nitrogenous biases are: Adenine, Guanine, Cytosine and bun ■.! 

p *«npAat*: The phosphate is similar in both DNA and UNA 


ff fi Ff purines and pyrirttJdlll £! ' , 


*> purines 3re predentin both UNA and RNft AdwinelA) »■«! ^'i., is,.,-, . 
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Cat {rgr Chfrrtlxlry f rdr tut Hoard ;■• 


— ■ *-■- - t .he nutrients that exist in the body, 

- ■ ^ as essentia', as our need for oxygen to sustain fife, 

■ -•'"- ■'■-■and :r. organic and inorganic combinations in food. 

i J ” '■ '' °' ‘-^ e ,1L:m ^ r: body weight is mineral matter, vital to all mental & physical r,- - - 

-^i -Ota: welt oemg, ■■"■ •■ 

-_’ & ' c " '“-P OT ' a --- actors in maintaining ail physiological processes, are constituent o- 4 ■ 

Dones - blooa, muscle, and nerve cells. 

i r_ i t | b « 

" :€ ^' aci as ca: ^'st$ for many biological reactions within the human body. 

^ c ' eCt |f 5ar> ^^-ssion of messages through the nervous system, digestion r.- ■-v-.-- 
utilisation ot all nutrients in foods. ' er " -' ’ 

• ‘ ““ be pr0per! >; assEml ^ ted the correct balance of minerals. c .g. calcium i s »**..• - 

absorb. e , lc ;‘ Za “ 0a * rC :0r V1ttmin A ' ma 9 nesiu ™ for "B" complex vitamins, selenium for ■ 


hiiponan t m inerals in human diet and their role? 
VlineTatf 


Role in body 


Majiflr m inerati 


Sodi 


tilti 


u io balance in the body 
Help? in absorption of other 
nutrients 


Potass i 


urn 


c.Uic balance in the body 
■ ,J "- ' cof actor for enzymes 


contract:!; 


Jmponant for muscle 
neivs impulse transmission, v : 
function, and blood ores* 


Chloride 


F/u:d balance in the body 


. Component of hvd mrhl„n, scid 


Calci 


Urn 


KSSS- main,enance * »"«*** -h and 


Mflflnespuin & 
Phosphorus 


Dtvel °P mem and rnaintenance of bones ar,d 


teeth. 


Trace Mineral* 


Iron 


Oxygen transpon and storage 


Zihc 


Aids insulin action 

Helps in growth and reproduction 


Act as enrynte cofacter 5 

Support immune fuiiem i 


Copper 


. ! Act5 35 enzyme cofactor 


Chfumiorn 


Helps in insulin action 


Fluoride 






IStaotegbon ^ inetai and hart|e ns tooth en ^ e| 

for normal thyroid functi 


non 
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Etfrcte* Q3_u .'J.' : Deacrih e /oMrfmp ©rt<rn t minerals 



flfid t/refr source. 


Calcium IS important to b ong growth and formation, blood clotting and and muscle luncttoning. 


Sources: 


Calcium is obtained from milk, cheese , egg yolk, beans, note, c abbage etc 

Deficiency; 


Ad^iciencyjm .result iA^mi_aadJ£a muscles sprarr ^^fan inj ^hn^Twk and leg cramps .[brittle bones, 
nchete^poor growth , feteoporosis| toot h decay M~^ a T3^^^ ' 


* Iron is an essential mineral. 


* Its mapr function is to combine with protein and copper in making hemoglobin The hemoglobin is present in 
the blood and carries oxygen from The lungs to the tissues throughout the body. * 


Sgurcts; 

[tort is obtained from red meat, egg yolk. whole wheat, fish, spinach and mustard etc. 


Deficiency; 

ft deficiency may result in weakness, fatigue, paleness of the skin, constipation and anemia. 



a ^ w 


* Phosphoius is after calcium tire second ir.ost abundurtt rninerd in the body. 

* H is a principal mineral pf bones arid" HecTft'T 

* It is involved in most metabolic actions in the body, including kidney functioning cell growth and the 
contraction of the heart muscle. 


Ssureeaj Phosphorus is obtained from egg yolk, cheese, milk, cabbage etc. 


DeJteleitcjp: A deficiency is unusual, but may have symptoms varying from painful bones, irregujar breathing, 
f&igue, anxiety, numbness, skin sensitivity and changes in body weight 


is vital to immune resi stance, wound healing, digestion, coproduction, physical growth, diabetes controi, 
/®t6and smel! and maintaining I’lormai Vitamin A .evcls and usage. 

2mc can t>e found in almost every cell of the body and serves as part of more than 70 engin es that cont rol 

body processes. 


Source*; W^get^inc from Oyster, Ted meat, chicken, beans, nuts, dairy products and some sea foot 

t * !2- 3 

Otfcfency: A deficiency may result -in po or tpow ft, acne-like rash, h,w bss. (Uajihea delays -e:ui:. malumii, 
.topotence. sterility, eye lesions, IqB of appetite, reduced sense of taste and smell, skirl 'fcions and mjlamiiiatio: . 
P°*r wound healing, reduced' resistance to infections, mental confusion, pool ’m ^ability, < • v- in hah md 


nails and 


anemia. 
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CH # £i. fjri , L>ch fm i' J(j - v 

, , j^j^j j,w j. ) j i jjjj ./j t, - 


Coilege f prfV rs.l Bofird •; 


— -=-- ^ — 

■A MPOmAttEjUGNlFjcAbXX Of'lHOS 

: .’. P G r T A !- ■ r,-.l.-, .... c • " ' . — 


5" rdates t0 ,he of red blood cells to carty oxygen for use throughout the entire^ 

^me functions of iron are merttioned beloy: 

Faligi^e 


the cells '' ' ' Ton nee< ^ °> ••"* bodk io ™>te hemoglobin rich blood whtch transports * :-..ss 

pcopefceil functeo° r ****** AT? . which is essential for cellular „ 


Exercise 

■ ?&"?■ ,hTOUSii bi * iin 9 of ** *#■*** -'^rom the narsh motor, of e xerc.te 

srud.e, ,nd.ca.c that m ot temale t urners attd S We runners arc iron deficit. 


Prt'ijriflncy 

* ! 1 or. I s. n ecd ed for pro per p I acenta cieve lopm en t 

* nefided *f~ rTie jgw b.ir:h weight babies 

Sadies estate that up \oJS%d p^ant women jfe ' 



Pediatric 

* J, 

* !£" duri[ ’ 3 tight months lor brain grrmrh 

e effects of anerma may be SSi® with 3iSS£jS delays intothmotor and cog nitive * ,. | 


trtmirnl Durai/on 

Wh m °^- t ^ re - s ^Lowuror stores,' Its sufficient quantity* must be used 
When iron deficiency is i* untreated, c cm 


Metabolic Processes 

' T^e P |a ^ ^JHaSItaol^ in t^eabolic p rocess 'i rf (he an-n a k 
■ he function airorr in the hrvV te t 1 ' 


• The **?. »“ 

hemoglobin. ‘ « ttost exclusively to the oxygen transport In At ■ .-■•': .. 

in WidWhm ’ 

in smaller amount «F*o present ,,, : 


(B) IMPORTANCE SIGNIFICANCE OF CALCIUM- — 

Occuff*ft fe | n Hvinon; “ “ ‘ — - — ~ 

Calcium is the most common mineral in the human bodv ^ 

- his Present m the body in almost the same relate *uund^ c 

* J?5t iso^pes of calciumr Crilc 3 un 4 C •• ih" L ttt “ 11 ^ 

^-abucdanMOTO common (97 ^ . 

Importune*: 

The integrity o: the system depends critically oa^i uitamj n D sr ■ rf >i 

£ fa “, awi0n ^ to » «*«««. in the vitorun D, v . 

T P ' ' a m 15 ^ “P^ntal vitamin t) detoe^ , . d „ iMOt ^ , . 

calcium deftcrency gives nsc to osteoporosis ■ i|ls 1,1 r ‘ckets .me osier 

. Approximardy in teeth — n 

* Ca.Cium has IolV major biological Junctiom: V^“ “ ’ \n bto cxl and ^> rf 

0) StiocturaJ as stor es an the skdetorD 



* 

^-ikrn 
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fll HE 

(In) As ^cofactQr for extrac el lular rn^ , . 

S ^- E 0i PHOSPHOR', .-■' 

ice <n tfu* IKj n ; 

’"' p^phoiusjsjjiesgtv in pljfcnt^and o-nix \h 
* ^erejsjg&iib i.454 9ranis_c)£ piv -,ph :■ , - ■-. ;r^ - 
. [ t tS rf comp^n ^oT^ en os-; n c trip h ospr- ,. ftp ' ■' _, ^ ;. 
]i is fonnd jn j:oropte _>^ organ .t comp .- >■ ':. ' 4 • 

'fhfcSlciufn phosghajpi'is the p?in .; rr -■.. _ 

phospfiortis - compounds are ^ 

phosphate fire added to foods. D. ■:. -...;. - . 


_ L 


:^S?nT-r 


■ , , j hf ., Jvdrr.^ i - 1 


in ca ovr 


,-<v;r.!!.o. 


’ 1 ’ 1 hv jr'pt" l ill t? 


£T K A\C f -T1 


umct: 

H\ The m&in function of pK^phr.ii!' .- 
|rr> It plays an important role ■ ■ . " 
prole in for 1 h e grow t'n iris .:.■■■: 

(Hi) [< is also crucial for the prod ur t 
(to) Phosphorus wori$ witlTry o_- .: ■ 
ft) It also assists in the con::.-.. :. • ‘ 1 

the heartbeat, find in new 


v.,,-1 HU 

■-■ , . ■■ lL 


es. * 


■, • :!h: - . irrhe-s of 


n'QtilfiL'ity Of 


[£^ 


WPORTANCBSIGNIFIC ANCE O F Zi NC — — r ^ 7 ’ 

lyamr is the most o mnipresert of all tra ce eWnerjtsjt tvol^gd,^ human i^taoo l.sm ^ 

HWfOK enzymes require iincjo r then Activitv . 

* If atac is removed Erorn the catalytic si te . Activity is . r o ■■ * ^ f * inc t < ,. fie i enev . 

* Studies in individual with acroderrrfit.tLs euteropalh.ca tr- ^ - 

These include impaimemsofdemra!. gaetroWetoal. ne U »<)^aad .r . .. m .. 

K- ferodeiraa! rtis enli^aamhltaASf^ ,! : **® . ’ rHT^i'l^atainatet) from the 

M^joa gl zinc through gastrointesti nal ttacTfecoounts for app. . •< • .• 

, . . • _ ,., • ■. — ,. ■■.l’c ■ i r o ; • bui mijh! of it is 

+ Considerable amount of zinc is s«n reTi-u ■■•■'■ ■ ■ ' ' '. ' '/.' ... 

reabsorbed and this proc ess is anUnportant pom y nn— 1 1 dun hair swe . 

Other routes dT^ ^retion in^ cte t he urirreano^ l — '■ 

■V \ — — 


soc 


fyosen ‘ A ston house _ , ^ . , T „■ ; s ,..' : =•.: ,. •; .:-.fi:'. Wu.or. body inquires 

Glycogen is reserved food matehoi trial 5*^.i _ , - - . ,- ■ : - . n i’ f -i foim os 

due to lack of glucose, the *009* reconverreo „ ..o ... . .. - 

Emoting AflfBMfs and Reserve Food ^ ,, T „ eanima li.-hfir h ib^::'.alc :-..r.r.;: -AC yr I .•-suier ihe trif-aboUc 

Large amount of fat is store in the oue . , a i i. Jce ATP .. - ■ '-c an. 

^slowdouzn. They use this fat as reserved iooc ir„. . 

- ■-- - - ~ in— ■ ■ 
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‘V'-iwsJyar. are the complex carbohydrates which provide 

* Glucosamine, glucosanifno^ly'- 

lubrication to elbow and knee. _ ]t [s pyo duc<?cii naturally In the body and plays a kiry toie in 

* Glucosamine (Q H l5 K>s) * an ammo svg ^ ^ jn thc ,. ,. d .,, ar , j5 &r0un d joints l: is a penmen* 

^Wing cartilage and lubricating alvCOW u| a ted proteins and lipids, 

procurer for glycosaminogjycans art Qinlb f£ s;ij fi nt and healthy by 'uhricauong anc Testing :\vi 

* Gluasamine has been shown to W * Y afld is * glularrme derivative that retains an an.-ve 

conaective tissue. It is a naturally occurring 
group and a sugar molecule (glucose 
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CoMej* Cp^r-Ti Lfjlrv fVrff-'.-j £.. . 


d p a 


sen J 


:r.erabie :o 


rl -. 


-■'’£! . .0 

'-2 e '2' - 5‘.tie:-.r.7 Ftesesr-c" has =howr :ha! 


- 'a 


damaged » stra-.ed conreesue v ,-.. 8 

vjr fl -' e ~* ie -? of two third • «• are into a b ! e •, ?--■■• a 

z;x L 7JT? ** nK::;en ' 3 ‘- V — « -o : :'g water and n U 

dalLd 1 ?.-'™™ Shwn I * jearam ™ ^ even help to regenerate new cartilage 
^a^feereby restonrs pint function and mobility Because of its ability io heir 

and knee jom it is quire popular with weight trains, sports enthusiasts etc 




/** I 


■p, 




?nce it 

:-y.p ?- 



aWTBBI 


. T k i 


a 


m the body They ate long unbranch^d 
Q *“ t GAGi h#w <*“* « **»• GAGs « a ma mponent of joint car J 1 

££££&$£ foSSEEL “**’“« ■ «* ■»<* abundant GAG found • J 

P 6 Jal G,c ' JAc 5U| P" a,£ iS on*" aggregated w:th ehondwu, sulphate " "■ 

^ ^ to * *«■ ** and retain water and reoe, negate c J 

to- W ,„ knee and efcew. On the J 

** iFCJ (CO wU^nn « rm ■ ■ j- r-. r 


* P .. a . wy sim-Liura;. integrity t 

bond* to «ch oICCa« feuS| ! ^^^^“ r: «** ar;d CCre P^4. ccr.u 


«fcTb«: 'lubl-ito- V™- V 0 '^ 2 " appears to be a mecessan compc-a 

function of which is to serve as a lubricant to jotote m S s^thf * * Cl *" ?3le Veli0v ' fiu * ' 


T ° Wc™ core ?r oter - 
They pJay on important role in hydration of cartiW f : dt!<iched through [he triaacc"3rad? 1 

lubricate it and provide resistance to ® Th ^ ^ «nit«9« if gel like proper 


nimwSPROTEm F ROM HAIR and SILK 


C“:cr*s'K" 

^ — 


c: r 


smir-s 


^UN-APROTF,» j IOR „ m WhoS£ DEF|r — 

^ ENCY LEADS iu DMBeres MitLitWS. 


Slrt/crurer; 

fnsulin is a 5] arnino acid Dootfrip hrwnne^ at 

F^Sanger was the fi re , scientist who detem! Wncreatic beta cells 
After 10 pears ol careful work, he concluded that aiI1,no acids « insulin 

one rdpha chain and one beta chain. '" 5Ul,r 15 up of 5! ammo acids in two 

The alpha chain contains 21 amino adds. 

7 ht? beta chain contains 30 amino adds FWk l - 

The module weight of insulin is 580s. 1 ^ **** ^ heJd tD 3 eth ^ by disulphide bridges T 



■ 4 b jMlr. M 
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CclPrp^ Cft^ritfsiry. trdrf-i ( (JlmtJ P^irt'PJ' 


JIE 

1) ^ 

* r ! ^Z«»sl ^ T^, carb0h ^™" ™> * melabolism * ft, body 

* " a !d ^I :, T ““ fat “■« *° '*■ «P glucow htn d» mood 

* derides k muscfev slucose 18 wwcd as glycogen. while in adepocyttf. * • stoiwl * 

, insulin stops the use of tat as energy source. When blood glucose level th is below a certain limit, the Mv 
Degins to use stored sugar as an energy source through 2 I V ;cgenolyS,s 

* As a central metabolic control mechanism its status is also used as a control signal to other body sys" 
(such as amino acids uptake by body cells. . 

, In addition, it has several other anabolic eifects throughout l the body 
— i InsuLi n is used mod icinally to treat so m e form & of d i a bem patie ms 

■i\ 
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jLE OF MINERALS IN THE BOD 


a 



Qm 

dr 


■Vi;: 


[literals act as cofactors for the enzyme reaction. Enzymes don's work without minerals. All cells require 
enzymes to work and function, They give us out vitality 
They maintain the pH balance with sn the hotly 

Minerals actually facilitate the transfer of nutrients across cell memhiam-:-. 

They maintain proper nerve conduction. 


if-. Mineral help to contract and relay, muscles 


They help to regulate our bodies' tissue growth 
Minerals provide structural support for the body 


tare two categories of mineral essential with in body, macro- minerals and micro minerals 
v i tr - xl . . . .11 in a Vn hsi^TTfjP within body. 


tfOdVfJjVFRALS 
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Calcium 

> ' 

Chloride 

’f ‘-e ' t 

Phosphorous 

K £ 

Sodium 
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Potassium 
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:o ■-■ hen the body grows vn\ Quickly 
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'.&:r.ea m oones and teeth, 
v. -rw u: joode .i chnk:ng -A-ate?. 

_ ^ # f'*~" ^ sr &7 - el 6rd e “ ecv - e v P^ven:s dental caries. 

. : 5 ;.. yy “ yyy-- 4!e - n bones. 0^ 

-- is’.e irreguiapy distributed chalky patches ois I 

beCCTne SBlned vellow or br ^-n- P^ducing a characteristics mottled 


fluorosis. 
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IODINE 


«n and rtiiodolhyronina 
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*1 is 


' 1 


CQOH 
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• Most environmental iodine occur , n seawater 

• People living far from the sea are al particular risk ,w ■ 

• ** forBfied *1* iodide [typically TOug/g) helps * CI<!nCV 

• DHltienfJj I'. r,ir(J ■ jiFfjr.r , . -L _ 1 ! 


Cl 


Deficiency is rare ,p areas where iodized salnf'gs^ but^^'* ( 100u ®'<M. 

• Mine deficiency develops when iodide intake ££' & T* 

■ Fri mild or moderate ddrrtenru the* Jhnrr 1- j 1 ^ *Uug/<iuy, 

* hich 18 ™ enlargement of die thyroid gland^iN^Ts^ ¥!$?*** iodjnc in ^ 

■ ExcestJve iodine consumption can lead to (hum g ° f front (Ke “f neck 

Jbyroid hormones in Ihe body which can result fr ° m hi 9 h concentration 1 

kombu -type kdp or seaweed * 3 nods that have high amounts of iodine, sa^ 
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Lhcnitrtry: t-'rdmil HourJ: U 


IS (Fe) is a component of hemoglobin muod^TT'T - 

h£* iron, contained mainly in animal T 21 * • v h 

counts for oyer 85 % of iron in the average diet * much bettei ' ,h ‘ ln ’'O ' 11 ’ 1 ™ 6 uj|l,<:h 


" 


?^' L ^nimeTded Da^J'A'n'^^ ^ ^01 "f reastd ^er, il is consumed with -animal protein and vitamin C. 
^ . " owance (RDA.) of iron is S milligrams for men and poatmenopausat women 

de( TJ^ T ^ by “"W* «■*" or ovo-laclo vegetarian diet, 

ChrofiK Weeding may also cause non deficiency, iron may accumulate in ihe body when a person is given 
repeated blood transfuses or takes an overdose of iron supplements. 

Excess iron is toxic any damage the intestines and other organs, as well as cause vomiting and diarrhea. 


ait 



ttwx 


root i 


Heme, a constituent of hemoglobin 


CESIUM 


■ Magnum <M 3 ) hasTTv^^To^t mcrabolic (onions in me pmduciion and 5an S poo of eiwoy. 
It is also important for the contraction and relaxation oi mu^ ; 


nam tot l« * ^ f in and it assists in the functioning of some enzymes. 

Magnum is involved « the synto ^ daA 3reen . leaf , viable which a, e-rich in 

Most dietai^ magnesium comes from nu... " " 

chlorophyll, 


iESE 


T rsr T^thy bone structure and is a component of several enzyme 

i _ l_ .... I-. . . - .*. ■ — t*!jr» . -Lii kn vi iL maco 


sv stems 


“ «d phosph^dp^a* trtbo**™. 


* Manganese is found in cereal and nuis_ 

1 the adequate intake of manganese is 2 to o i' S' J' 


J^DOVUM — T^nTc^nzy-mes necessary for the activity of xanthine oxidase, sulk 

Motybdenum (Mo} Is a componen 


[file 


n9 5 


^idasc, and aldehyde oxidase. of 5 LJ |f ite to S uffate which is necessary for the meiabnlisn uf 


* ^Mite oxidase catalyses the teine 

^ ul fyr containing amino acids, sue & c _ of molybdenum. 

[ ^mes such lentils, beans, and peas arc : ,. - 





—5 




CoIUv, Ch,„», tn ir t 


fWASSJQM ~ 

4; £J«PO-k : : E-ra^itm in^* ***** and ° ul5ide of cells ‘ “^csTo ttunt the rise or 
■7 for d£S^ -ate C: POfaSSiUm is 4 5 s: 3 rr, s per day for children 9 ro 13 yea* 0ld a; . d 4 - . 

Pote “-‘«i «?a?- u ‘^..e* S *“ blei '. dr; * !i *"■ da “V I*®*"* -end n 

ST“ - 


, “' r T-TjC | 


.i 




polyunsaturated farty^acids^ ^ 9llJ ' al:hlone ^oxides, which metabolizes rvdroperox-des 

* <££?££££, l h ? *■«■»*. tm^cid hormones. 

* The deficiency of seleninm ™='k ; ldam * ai vitamin E. 

* Th* r?* fors * lenrum is TO nficrograms ( mcs) “ 3 f0TTT1 of corl 9 esl we chartiomj-opad-;. 

— b!irien w8 #nd ^^lofThro^i™™ S£, te 8ddtS fcaSed on ** Potion of ha:r . 

r " w tjur — — — — — ' 


SOOiUM 


'• “ ‘ aUe4al ‘, CWo"*: NaC!.: 

. fo! ^ 1°*** for individual S or oWe PPer ^ 23 gta ™ per «■* « calc. , Ved • , J 



(N«JHiVhT nent liVer ' mUSC ' £l «d tet^T " 

md dna , nico " nan,ide *«* 


i' 


V 


0» 


7- r 


^harides snd polysacehamies. ^ 

People ealinq a diet hinh m i , ' ^ J ? Mono^T-ai 

Mrtiohydr are /hijh-fal dial, ° ^ ““ !ess li),cl V <0 accumulate body far compared ■• i 

Pmlems a, e the mosl imports, .( efcss o( h . . , ' 1 d Wllh l,IOSG »ho bllewi 

P<*^ofAi^^S^ d ” * i,m,ik 4 ^i4^"pS^“iS5 ,U | r<l1 - e T p0nenS cf »»*»* «C 1 

Nucleoproreim, a. * lhe ^ o( “* They an, r,tu4 

Wjfohm is a protein and came, of M I, T 9cncraricn to !ho ather 
%**"? ™ hiocalalysr and cJ JJ£ V ° ,lh « Proteins a c r as honnonec 

Ait " A, - hy ity depends upon (empemli r,> t ca(_ fOJ1& ,n living organisms Th - 
mivmiwl y In food, n ( "■ mh * me ™n»nhatk>n and D H Th' V *** qu,,e Spei ' ii:C ^ flJ 

* lipids are hydmph^ic. a" m '?., . '' *" l ’ rota " «* * 

Sfiuble in organic solvent such as dieThu' ell" ^ ° lk “** li,;| “ iJ a ' ro ™l txmpuraiun. ri 



Mrnerats m rhe nuirtTn^dl L^' ptepha ^ ^ C ' Wal “"it of Dm a, xl c^>« 

muscles and nerve hssues ' " '■ ^ ds “IW f« life. They are const, i„e r , , 

Mineral, are tlassifred as mas.r and , b ° tTO| h- hones, BssuB. 

rerjulred fh lose <j, Jan % are !,!,« ' “* ni " Ierfl,s i i; lh«e required ,n app [ « ;iab , e . 

(,]upnEijy ainp rnaiur 


&] 


Ji t 





ftf-h -f ** r ■ iS 4 B~ f . * M*. , jc . 

‘Mte.’tS, .; . 

f : ,'TUi - S r - , ; 


|r*-/ 


' rTTT. y ^V 
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i,nNr$r f rdztitt firxifd P^rtil 


Ministry coders the practical applicable 

^Medicine lb) Agri culture 

riacrtimf^ cu ^ s are °$ how types? 

ia} Three Xb) Four . 

p, e gierie raf form ula for Carbohydrates is; 

!a )N^HzO), (bl P r ,(H 2 0 ),. 

Most matter Ort earth It mrjrfe up of: 

11 ia] Carbohydrates' (b) Lipids 

j^ e no, of Carbon atoms la Hcxose Is: 

J la) One lb) Four 

The ions ehcd ni °f Amino Acids are called: 
i; a ] Oils Eb) ^Polypeptides-' 

. Protelntare used in both formTbf: 

[0) Catabolism lb) Anabolism 

0 What Is TRUE about enzymes? 




ns u/r 


(c) Nutrition 
ic] Five 
(c) C„tHiOj. 
4c> Olive Oils 
k; Six 
(t) Protein? 
(c) Enzymes 


r ti; All of ihese 
cl Six 
id H. CO, 
d Proteins 
d, Ten 

d- Mo nopep tides 
d Metabolism 


Wlldt lS inUL UUUIH r.iityjiica. 

(a) They make biochemical reaction to proceed spontaneously 
,;b) They lower the activation energy of a reaction 
1 ci They are not very specific in their choice oS substrates 
(d)They are needed in large quantities 
x, To ufhot category of molecules do enzyme* belong? 

(0} Carbohydrates {b} l Jpids ( c ) hue i ^ ld s 

cj Hffat Is TRUE about cofoCtors? / “ ;. 

laj Break hydrogen bonds in proteins ( 6 ) Help facilitate enzyme A^.* i.ty 
it] Increase activation energy ( d ) Are composed 0: protein? 

* — 7— r — J ra 1 , Tiaht y bound to enzyme 

Ic^Prpteinsous nature _ |C ; ; ’P - 

tlpl^re generally denned in terms of ^yL 
aWSa^ (W Structure / d 

EWATinTRJVA ore made up of -Neurons 

l u Pet*. ,^/x 

1) - pf-tbe human boJji weight Js n* ru..ra 

ibi 10% , ... - lCi 0 

is needed for Vitamin C utilize t on. ph oS phoius 

(a) Acid lb) Lon 


Id] Proteins 


id) All of these 
; d ' None of these 

id) 100 % 

__ ——>•-■ 

d' Calcium 
■;d' Amino Acids 


M Acid L i,s oxwm M ite body Is: 

Hie componen t of blood that oar r - ■ ■ ■ ^^oglobin 

la) Fae (W Myoglobin • - 

*' 0 Most RNA molecules are: i' c ] Single Stranded d Multiple Stranded 

r W Independent (b) Double Swndri .<■ 

■ : «^the major component of ««p 


(cl Proteins 


W. Fatty Acids ■> lb) Palm °' l . S „ f UfyiteS a nd teeth, is; 

*“) TTieWeraGeiated (c} hon 

' la] RNA <jk) Phosphorus 


id] Saccharides 
(d; Sulphur 
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The y ^,-G caTbohydrnL€5, prated -nti :iul ■ - ■• ■ 
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• .tm t*.Y¥VY , 
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f Pf P £l ■ Qjjic/rrmj 


■Such compounds C£ - 

c £l r ^° * 'V'J tates a . g. ■. i luc : iso 


toms 


as ii contain: 


i leiaboHsm consists of v-a 


me cannot 


'•■< A ■ u l ! i ' . = ■ jde 

one ii! [east one 


Calcium is needed for 


.Hemoglob; 
JuiTflS to a If 


nNA molecuk.H 
double stranded 


We mam function of pheigphon 
aj-.d teeth. The calcium phosphi 
bones and teeth 


I tfo you understand by the m 

'hemisiry i s the branch of scier 
organisms, with their chemical 
ogy is the science of 
' nemislT V 's' the 


yra tfiochemJrfry'? 

rce “wned w/ih’audyinq 
reactions. 

ingorg misms j ?nd ch&rnistiv 
:^ a[oms motecuJes" inli 


various- mo!, 


lydraees. 

are &iven below 


irt animals 


Ml) Ans; fdl Mpi,i™i [ sm 


(vUi> Ana: (b) They lower the activation 
reaction 


(d| Prote 


fxi} Ans; la) Rennit-g-jj 


(xli) Ans: fa) Solubili 


UmH A ns: IbVNuHwiA 


CM Ans: (d) CalHi.ni 


jiwi) Ans; fc) HemoatoiKiti 


■Wj* Awr (C| Sinn Ip 


Acids 


CMi) Ans: (b) Ph n «*u. 
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Ml? lAttirf ti the main use of enzymes in paper industry? 

Enzymes break starch to lower its viscosity that ' n 


Wit) Dt^iptfi^icior midio-ciTKyHUfs- 

T ig non-erolei nport of enzyme Is eofel cv-foOo' « 

.Without cofaclor enzyme cannot work. So. they ai e n^ jiu.J tu J1 er , 

oTsanic 01 m0 ^ 

• Fe 8 * ioni are cofactor for chrome oxidase enzyme. ntc. 

. . , v ah rt'j-r tciiTis nicotinamide vitamin cotac.o, . «le. 

* Nicofinamidfl adenine dinudeotide M,- stains 

K 

ti + Fi f i-iaids-how In 

$htrti v explain the only property Hud o .. ori w h>oti are soluble LrfjMgflCUE solvents are 

Raturalty occurring organic compounds tr ■ . _ — -.- 

paled Iflpids, fH — ^ nmneriv they have m common. This group of molecules includes 

lipids aw^VQfophobic: fhis is - h ' J or \ t- .., ' ^ h „^ ilPTtl yi and some other related compounds, 

i^SspfiolUH*. s*™ 1 * !l,k * ch0 

E*PWn iLvjTjcturp! components 4 D ^ A B#,A ‘ 

Soth ON A and RNA are polymers of nuc * n(jUS ^ ay; _ ar . £ | at legist one phosphate. 

% nucleotide consists of; one sugar. t,n * J ‘ ap an£ i m RNA it is nbose sugar. 

P^wT’"' IhTONKrtii deoxynbos m AdC] , Lne Guanine, Cytosine and Thiamine 

Mfinogen In DMA, four nitrog^no.. Adenine. Guanine, Cytosine and 1 rad 

(„ RNA, four n«™S enousbaM .' . m;4 




feuiiUWJJ 






C'.iIJi ^. t'f.i'inUfrt f-Vrt 4 '»iU itLhir.r' IV'ri H 


*n i;.-l 


am jb, 


QwbtrtinfV HjJ] 

00 HC the classes and Sub-clasties of Proteins 
proteins are classified into three Types 

^ Simple Ampins: AJbuwinj; dobutar Glutens, Hwon« Stkropiotcim 

0 O”***-* pr " teJ ' ,S *•»■ ^droprourtns- Mucoproldn Glvcopr ottin: PhosphopiOKin: 

|CJ D' r,lled pn, “' M: ' «■ Proieatis: PioteBB; Peptones; ' Peptides; 

In « range of 0 J5"C, the rate of reaction n/ an ,.., 21 . n , P |, tc n,pcr(.i u rc- J.wll/ji It. 

* ^hen temperature rises to 35'C heat adds in the activation energy and also provides k.mrtic energy for 
ihe reaction. So reactions are accelerated. 

■ Htt^wr. when temperature - .s raised veil above mis heat eneujv .n creases the vibrations of atoms ol 
enzyme, i hus, the globular structure of en/vme is h resuhs in a rapid tU-cicase in rate of enzyme 

action. 

ffotf does pH offcrcl enzyme 

* All enzymes work at their maximum rate ai a ;■. nrow nar.ge o : pi i called <us the optimum pH 

* Change in pH can affect the Lor.izpiion c: the amino a. ids j! the active site Thus, enzymes activity is lost 
> Every enzyme has its specify optimum pH . aloe 

(i|. pepsin (working in stomach .s active in acidic medium i.lov pi I 


Describe lock fmd key mechanism of enzyme acrid ri. 

Sn 1894. a Gentian chemist, Li.rn Ll Fischei proposed lock and key model 

According to this model, both enzyme and substrate possess specific shapes that fit excicify into one another. 
This model explains enzyme specificity Thus a specific enzyme catalyzes acls on a specific substrai* only. 

e,g. lipase enzyme acts on lipids and digests them into fatty acids and glycerol It cannot act on 

proteins 


' y£Sr 

If | m „ b 

"... .I*, 

■ ol 




CoJJfjf LVivmfsfry.' Ii’rfr-d/ Uiiaj'rf.- p,, 

' -JJ 


f M *r 21 Bt&cft* m 4 1 ( ir y 

P*f" e i ; Jp ' ds W *' l « dlfcrence between fat and oil 

caiJed T r - T " " : ^ n3C com P° unds oi animals and plants Origin, wh:ch are soluble in organic 5olv Pnts . 
!| P^- J hey are water insoluble *■ 





1 i^r are obtained from *r:ima3$ 

/ o- i Tk ““ Tl — 6 — * 


fJJ T:-,rrv are obtained fron^ oleirsds 

.L-'Ts are bafjfctte^ 

i T 1 !- _ ■“ - .b_ — __ 


(2) They are unsoturated. 

■- ■ "?>• a re be n>i --soiid af roor’ 

rdf The- r-., -7 *'-i - •— - 

temperature 

0) They are liquid at room [emperafun 

. '** LQ& posMsshjqh mc:Tmg points 

j- e i tl „ i 


t (4) They posses LO’^rnelfing points. 

( 0 ) l hey nave low iodine number 

unsatu ration). 

a test for 

i (5) They ha^■e high iodine number. Jt is bec^L&efj 
h-gher the iodine number, higher the unsaturnhon 


aH ^ StQte W VlE^mJn p in h„ ntQ „ body? 

,J| " ll3h[ fa31s ^ "? • deh yd roc holes terol n , converted mto vitamin D This m,eod 
prewril naturally m the skin of ammab. So, if the skin is exposed to UV rays (present in sun rays J J 
extent,, ims material is converted into vitamin D J J 


* 

* 



,XUI> St0,e ‘ h ‘ between the chemical structure, of DNA and RNA. 

\ hey differ m following 

The sugar in RNA is ribose while the sugar in DNA is 2-deoxyribose ■ 

SJ" b “r *“ ,n UNA « <«> thiamine (T: adenine (Al and guanuic (G , 

KNft thianune does not occur and its place is taken by uracil U.i 

DNA is nearly always double stranded, while RNA is usually single strand: 

Met Brief,, etle^h “ f 0 ^ f 0nni6on “*“• is Sd Vt^7TT^anr,n 

' } * tat * ^ ore important for human Iff? 

■ ■* — ^ ■ 

• They are nS^C^=to3^S*SSl2^ the human body. 

• Vitamins cannot be properly assimilated '1^'°"' & metabol N 

tor vitamin C utilization etc ' jr ‘ ' Le of minerals. e.g. calcium; is nee 

?“7 d ' S T"' T" /0r ,hC '™ s£ a™ front human Hod, 

^ 5 3a5Imin,CS ' !ral * Zinc eliminated J 

‘ US3- *-* - -%». ^5 „„ „ d „ 

l 


0> PaZ'^ d ' fferm ‘ C, “ MS ° } Ca ' b ^'^- 

(tf) Explain the Structure of Protein? 

Page 396 

(W Briefly describe the factors that affect t he Activity r>( 

Page 400 c,11> ' f V 0 j e nz\/m es 

Out What J* the nutritional Importune, of Lipids? 

Page 406 

(v} Explain the structures of ft u dele adds, 

Page 409 

*»POT«n,t mineral, and their enareee. 


; v ■ m 

• • . >*' ag. *> >■*, Jh mV ,,5 * •■ S . t , 

rK- **■? . £w-> . .'ll 

,2 




■ V .« nter __ . ~ 1(W i&. 
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CuNi-pr Chcm-lilTy FVdtfTaf EJrrarcf F 1 1 . r i - i" / 


Marks; 85 


. OBJECTIVE 

ia ^iniit*s Marks: 17 

O'*™ 1 "* Cifflirg. ™ng.^,ng |, :ld pencil ,,.|| tPSl . . n , ,,, ^ 

Wltl" c«..cl option I ... AH Cl) Each pan carricc „ 

" • ; Compounds of aUeSnJ« & Kn, 

I#' ^ibonvi lb I tiulyhydr^vy | C ^ dro ^ 

of ihe bUcnwirtg is not a carbohydrate 

j fl ) ribose fbj glucose 

yhat s general formula of carbohydrates 
la) Cn<H,0)**, lb) CjHO)„ 


d i All o i ih.p 5 . 1 j 


|a) ribose (b) glucose 

aL'hic'h carbohydrate is present in gropes 
■a) glucose (b;i fructose 

Which of the following is present in milk"' 
|a) galactose ( bl Inclose 


ft] mannose 

id'l for 111 did fl 

t 


l*> C.lH-Oi 

fd C I.H jO , 

does not -Tsdrol^e ' 7 

: C galactose 

id) None 

l.c' both 

!d‘ None 

ft) oijcOsp 

both a ft b 


Ore glucose molecule combine with {jalaclusc? mr iccule t':m ■■ die linkage' v torn 

(a) sucrose fb) starch (c) galaclose idj lucroim- 

I Which one of the following is a polyso c chande " 

la) cellulose (b) starch fc) both a & b 

3 gram of fat confoins approximately . 

la) 4 It cal (h) 9 caL Ic) 9 k cal 

)bciDinCilficuJfis_are oE has many types?' 

(Ik 




Ic} ga>.rto*r 
■,d | 9 J 


1 


la) 3 

i Fbcslhetic groups are 

■J, R^utrgd fry all -nr y.^ 


4 


ft) 


5 


id) 6 




W 


I hi loosely alir-ched with, enzymes 

.: lipids are generally defined in terms of 

fat snlubUitu (bl structure (0 Molanly id) 

fill Minerals constitute --.! . . of human ::ody.wclgr.i 

100 % 1 _fc i 5 % -> (d) 50 


; :.i protein m luiuse (d 1 Tightly bound to enzyme 


I 

r 


all of these 


lb] 


la) 10 % . . _ _ _ 

j .1 Is port of enzyrtfe g’.umthionc peroxides. 

’ ft] "Mo ®_K 


-1 


la) Zn 


w] in adults ....T af'fodide absorbed is trapE gd b^ thyroid gland 

(a) 50% ‘{SJ 70% r"fe> SO %_ H3T 1 

wi) Which one nf the following is considere d' as macro - m ineral fy body 
la) Lmn ft) iodine l£ 

***] Calcium has staid 

(a) 7 (b) 9 


tbl Sc 


% 


eft 


' 


;dl boM nit; 


^t: 2:35 Hours 


k 0 tt>pes. at 

Tc )-6 {<6 n 

tr — filjBJECm f E 

Total Marks Section 6 «id C= « 

SrretUm - P lMiwh * l12 l ] 4 * 3 ~ ^ 

rw * ^ .. , r h rtari should not pw^nud 5 (o & nines. 

Attfliapt arty FOURTEEN parts, Thir answer to 1 1 

M (Mm carbohydrates. f u.Qln «» r.ot carbohydrates Justify. 12 ) 

W AD o^anic compounds which have a*«™> loimula <■■ ■<«■ ■' i, ' r (3; 

Describe role of carbohydrates in nving ocgamsmt . ^ j 

' l - 4 ! Define monosaccnrides- 


^ lb| l^hat npe source of rtionosaccarides. 
r ?' l^l Htjuy monosaccarides are unssifi^d ' 
ft) What are polyiacarides. 

1 j?) Define disaccahdes. 

, l s l What ure sources of disaccoridcs. 

I '' 1 1 & I Define glycosidic linkage with example- 
^ l, ' ,l ba 1 . is gly comic index. 

^ Compa-re glycogen, in siarch, 

. Draw ulrtjcture of Annylose. 

^ .5 Chfflv 

i , , , 1 ^bat is soutcc of children. 

^fiJWhat — “ 


nre bacterial pofysaccandes 


( 2 ) 

13} 

CD 

( 1 ) 

i 2 } 

( 2 ) 

( 1 ) 

{ 2 } 

1 1 > 
(1.51 
(15 
ID 


e 

* 



4 . 


9 



*Z. * 


~ZT M. ' Z ^ ' r * * *• w AJT. > J I . ~ ■ _ 4 


®t«p.TOt§im 





H * 21. BtocJtcnttairy 

- A h at i s i x >[ e of had dial po ]ysi ictunide i n Jiui ny ore fanisr r i s? 

- '.a' What ary globulins. 

•' 'A hat is source of Gluten? 

"■' --- c conjugated Proteins. 

quaternary structure of protein is formed? 

\i ". a W hat is haemoglobin. 

■ h Dif fere n t iate be v-x ee n Anabo I i sm & Catabol ism . 
xi G . a D a sc ribe Look a rid Key tn ode I . 
io * What are- enzymes. 

1 How does Induce - Fit Model describe mechanism of enzyme Action 
: b Enzymes are specific in their action. Justify, 
xv! .a; What is optimum temperature for enzyme? 

' b H ow d oes tempe raiu re affect e nzymatiq actwily . 
xvii:-i.a)What are inhibitors? 

lb) Describe types of inhibitors. 

IxviLLiiajWhat is spring myelin? 

lb) What are fatty acids? 

(xix)(a) Whas is saponification 

'b; What is meant by hardening of oil. 

Section ^ C 


CVHi'tft' rtifniJ^rry: I fflrmt M 

m 

( 2 ) 

(1) 

( 3 ) 

(3 ) 

(1) 

( 2 ) 

( 2 ) 

(13 

( 1 - 5 ) 

{ 1.53 

(13 

(23 

CD 

(2) 

{13 

( 2 ) 

( 1 . 5.3 

(1.5) 


Note. Attempt ony TVVO quest Lons. A El questions carry equal marks. 

Q3- Discuss functions of Polysaccharides. 

(b) Describe the structure of Proteins. 

(c) How enzymes work as biocataiyst, 

Q4. -'a) Classify Proteins. 

:bi Whet are the factors, which a fleet enzymatic gallingiy 
ic.i How inhibitors decrease ihe enzymatic activity. 

Q5 fa) F.xplain the structure of Lipids. 

(b) Differentiate between DMA & RFJA. 

!.c) What is role of minerals in our body? 


i 


(2*13=Z6) 

( 5 ) 

(4} 

(4) 

(5) 
(4) 

(4) 

( 5 ) 
(41 
(4) 
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0HPTER # 22 


INDUSTRIAL 

CHEMISTRY 



PRODUCTION: 


P^nflfon: 

Tfcf branch of chemist n,- uhfch appfj'F-i pfiyjJcfl/ and chemfco? pnGCe-tfurts iotrardi the transjarmathm 
flfn4(UiTiJ rotu materia s and their dcrii QCii FS iij products that re of benefit Ur Jnerm-rnUv is called Industrie 

tttmtaJry. 


DtLiJopjnerit of Industrial Chemistry 

* ~^ e scientists thought bow.- various chemicals are piodueed in much more quantity than the laboratory' scale 
This thinking started the development of industrial chemistr. 

1 Chemistry knowledge was applied to tarnish the rapidly expanding chemical industries with "recipes". These 
recipes are now called chemical processes. 

■ Industrial chemistry keeps up with the progress in science and technology It incorporates other emerging 
disciplines such as biotechnology-, microelectronics, pharmacology and material science. 

1 ll Is also concerned with economics and the need to protect the environment. 

UitJln^ btrfLL-Ft’n CJass/cai ojirf JjirjujiJTrn/ CjifiTilitry 

* Tne Classical Chemistry '.organic, inorganic and physical chemistry! is very essential lor advancing the 
science of chemistry. It discovers and and report new products routes and techniques. 

* The Industrial Chemistry helps us to dose the gap between classical chemistry as it is taught In colleges and 
universities, and chemistry as LL is practiced commercially. 

Stop* aj Industrial Cfre mistry 

1 "The scope of industrial chemistry therefore includes 
^ The use of materials and energy in appropriate sca:e 

^ Application of science and technology to enable humanity experiences the benefits of chemistry in 
different areas: food production, tieo/fh and hygiene, shelter, protection, decoration, recreation and 

entertainment. 


Introduction to the chemical industry 


The chemical industry can also be classified according to the type of main raw materials used and or type of 

Principal, products made. 

^ WtfitrJ^f nor ^ n f ee /,enilcanndusi!rl£s 

Industrial inorganic chemical Industries extract inorganic chemical substances, make composites of the same 

ar d abo synthesize inorganic chemicals, 

I organic efiei?»feaJ industries* 

* Heavy industrial organic chemical industries produce petroleum fuels, polymers, petrochemical? and 

Wh«l yn a, etic ma 1Sal S . mosuy 

* Light organic industries produce specialty chemicals which include pharmaceuticals. Tv-;, p -enLs ■ 
paints, pesticides, soaps and detergents, cosmetic products and miscellaneous products 
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THE STRUCTURE OF THE GLOBAL CHEMICAL INDUSTRY 


* 

4 


Normally a value is given to something according to ns importance. 

Some things are of high value while others are of low value 

The low valued products are needed to produce in large volumes to make significant profit, :h;s means 
that the raw materials are cheap and easily accessible. There is also an existing, relatively simple, antf 
easily accessible processing technology: 

jo sell a large volume of product, there must be a large market. This brings stiff competition which also 
makes the price to remain low. 


9 


QMMQDfTY CHEMICALS; 


Commodity chemJcflfa □re defined as toiv-ualued products produced in large quantities mostly Jf) 
coolittuou^ processes. They are of technical vr general purpose grade. 

* i he global chemical industry is founded on basic inorganic chemicals ;BJCi and basic organic chemicals 
( BOC) and their intermediates. It is because they are produced directly from natural resources cr 
immediate derivatives of natural resources, They are produced in large quantities. 

" Some of (he (op ten BIC are: sulphuric acid, nitrogen, oxygen, ammonia, lime, sodium hydroxide. 

phosphoric acid and chlorine. The sulphuric acid is always number one, It is because it is used in v.e 

manufacture of fertilizers, polymers, drugs, paints, detergents and paper It is also used in petroleum 

refining, metallurgy and in many other processes The top ranking of oxygen is due to its use in the steel 
industry, 

* Among top ten F5GC are Ethylene and propylene, They are used in the production of many organic 
chemicals including polymers, 

* BIC and BOC are referred to as commodity or industrial chemicals. 
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FECIAL 7Y CHEMICALS. 
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EST hl3h Value ac!ded ***** in low volumes and sold on !he basis of a specific 
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Example: 

1 quannties, They are JuU* P^tcT ^ * 

Other Examples: 

medicinal chemical's, qgmchemiaite, pigments flavour h, 

adhesives. ,} J /mgm rices. personal cure products, surfactants and 
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* C ( her "? £5 main| y used in the form of formulations 

ta-hltad^Ef" in ** ‘“™' Thus hi * ! * ^ Pure chemicals must be prepared 
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INL CHEMICALS ; 
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They are high Value-added pure oratmlr ■> r>L Dn ,r . " ,• — — - — 

” ST 1 *“ t*""" i —* -EiSuSK"* - 

-Sr „ .'sissr, 

Research chemicals, pharmaceutical ingredients, etc, 
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# CJlrnUstrjj 

7a^P- ki- What is iSu s 7™? Dfsruv^ 

c!terrtJcar Industry comprises 5>« tft- ■ “T ■ m* material 

P ihal produce Judus fried chemical* 


Coitcgt C.'/ihtt>/:-i: j-j. 1 : Federal Hi/irnf Pnrf-fl 
Used in this InefwStry. 


in nature. 


« Chm,iC t T e **"? ‘^^mai.ri.b^rt.Vn, ndi’j 

The pn« of chemicals depends on the ah ii.„, ,n k .. 

Major chemLcal industries have therefore deuelrJ^ ^ n't n " k " ltms f' 

Th. natural environment is the SOU[c ^ f d * Vetoped armmd ,hc n ™' raw m “ torli ‘ ls 


rav.. materials for the chemical i nd u si ry . 


rtW j mTEPMLS FROM T HE A TMOSPHERE 

* The atmosph ere is th e field above ground level 

, VMS the source of air from which six industrial gases IN*, 0*. Ne, Ar, Kr and Xej are manufactured, 

■ The mass ol the earth s atmosphere is approximately 5 x If}- tons. Therefore ihe supply of the gases is 

almost unlimited. 


RAW MATERIALS FROM THE HYDROSPHERE 


i Ocean water is about 1.5 x ltf 1 - litres. 

* [t contains about 3.5 peree n t by mass d issolved ma terial . 

* Seawater is a good, source of sodium chloride, magnesium and bromine. 


(MW MATERIALS FROM THE LITHOSPHERE 


* The vast majority of elements are Obtained from the earth’s crust in ihe fomn of mineral ores, carbon and 

hydrocarbons. 

* Coal, natural gas and crude petroleum are used as energy sources. These are also converted to 
thousands of chemicals. 


JWW MATERIALS FROM THE BIOSPHERE 


* Vegetation and animals contribute raw materials to the so-called agro-based industries. 

* Gils, fats, waxes, resins, sugar, natural fibres and leather are examples of thousands of natural products. 
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QU/CK QUIZ- 1: 


dj flame those discipline* which pfay important role in /rtdpJlHal Hi t:r?3 rs C ry 

The industrial chemistry has a strong link with the Classical Chemistry which includes organic, inorganic and 
Physical chemistry. The classical chemistry discovers anti report new products, routes and techniques which 
are (hen used in industrial chemistry. The industrial chemistry also includes disciplines such a* biotechnology, 
microelectronics, pharmacology and material science. 


Bl 


^e/W Industrial' chemistry , , . 

The branch of chemistry which applies physical end chemical procedures tom rds the iroHs/ormofron of 

natural raw material and Iheir derivatives to products that ore. of benefit to humanity is allied Industrial 

Cternfstry. 

pS^jto— t—— «■«•“ chtm,c }' i "‘ , “T rW ^ \ , T 

• The organic chemical industiy is basc*i upon compounds of carbon, rhese imip be of plants ami am n 
origin „ may be synthetic, e.fl- poi^ pehoch^icals. dyes, patnu. pesticides, soaps etc 

• The inorganic chemical industres are largely based upon compounds of elemeuU other than n-.h ,. • 
extract inorganic chemical substances, mate composites of the same and also 

chemicals, 
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j,.« tJLirmpJes ci/jBa»Jc Organic chemical.} 


* "s'? L --” B.C ?.;e s-jjphuriC add nitrogen. oxygen ammonia. :rne. 
*: ar i r cr ' e 


y A hot do j^ou mean by commodity chrrnicals- 
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propylene etc. 
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JO; IVhaf ft mearrl performance e/i^fcds 

'"J '*' J * pr0duccd fJW v ^™s used in extremely | 0 u cuandr.es T , 

df Performance and efficiency En/ymes ar.ri dyes are performance chemicals 


/j J j .hare r,r dtffcnnt i ^ themlcei* In glolm! market. 
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,CCPS,< lfw A,,, - m ' (API) and tha Chamleal Manulna^L' ^ 
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included in every chemical process safety 


^ Chrrntetn,- 

S? * T(? a nun ‘ be ' or basiL r ^«ments which should V 

,^m^1 programme: l4!U ™ 

ji jp^pcess Sa/eiy /n/ormotlon 

, Process safety information as used by the 

equipment. 

4 in [ 0nriafcri at »ui process technology, process equipment, raw materials 

haeard analysis ° 50 irKlUC ' Ca t ie insajtnation about chemical hazards before Conducting a process 


process industry to define Critic at processes, materials and 


* OtheT critical process safety information is documentation relating ,o capital project reviews and design 
basis criteria. 


21 Employee JnuoJL'ement 

* Process safety management programmes include employee participation in the development and 
conduct of process safety analyses Lir.d other elements of lhe programme. 

f Access to process safety information incident investigation ivy ms and process hazard analyse* is usually 
provided to all employees and contractor employees working in the area 

* Most industrialized nations require that workers be systematically msinjcted in the identification, nature 
and Safe-handling of all chemicals so which they may be exposed. 

3) Proee** Hazard jAnafy^fi 

* After the process safety information is compiled, a thorough process hazard analysis is c turfed gut. 

* Ii includes systematic multi-disciplinary process hazard analysis, appropriate to lhe complexity of the 


process. 

l! is conducted in order to identify, evaluate and control lhe hazards of the process. 

Persons performing the process hazard analysis should he knowledgeable and experienced in relevant 
chemistry, engineering and process operations 

Each analysis team normally includes at Least one person who is thoroughly familiar with the process 
beang analysed and one person who is competent in lhe hazard analysis methodology being used. 


W Mena_gemenf of Change 

* Chemical process facilities should develop and implement programmes which provide for lhe revision of 
process safety information, procedures and practices as changes occur. 

* Such programmes include a system of management authorization and written documentation for 
changes to materials, chemicals, technology, equipment, procedures, personnel and facilities that ailed 

each process. 

ft Operating Procedures . , , , . . 

Chemical processing facilities mast develop and provide operaling mstnjchons and detailed procedures 

to worivers 

Operating instructions should be regularly reviewed fer completeness and accuracy (and updated or 
amended as changes occur) and cover the process unit s operaling limtts. 

f®J* Sflfjjs tVfjrJc 

Chemical orocess facilities should implement hot-work and safe work permit and work order 
1 J ' , n j. rrtf ,rtacted in or near process areas. 

programmes to con ro wu - personnel must be familiar with lhe requirements of the various 

Supervisors emdouwes and contractor peTiuni^- l 

■ T v T , irt-lude Derm it issuance and expiration and appropriate safety, materials 

permit programmes. These mciuc i- 

handling and fire protection and prevennon measures. 


wployee information and t formal process safety trairtifug programmes to train and educate 


Chemical process facilities should use 

reassigned and Tiew .lUpen. , ess Q,p Cra iinq and maintenance supervisors and workers should 

The training provided for chemical process r s 

be comprehensive. 
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QUICK QUIZ-2 


I'J) WhfU J.v nriufi "-S'i s- fecipii 

***" n ° rmall V includes at least one person who is thoroughly familiar with the prtxtw J 
^ X 01 '•° iSOfl wh0 te ^nperent in the hazard analysis methodology being used. ‘ " 

(4) What :>J rhwgTto process tndu fir l ea ? " — J 

^'X an<? impJement P^mrncs wh:ch provide tor the wJ*-, 

t c, irk * Z " p Qcerfllws aod as changes occur 

materi als. ™®f Semen ' au,h °'™"°" *>»«. documentation ft* chi j 

- *" ■o ^poicm. procedure. preonnri end facile t hat ^ each pt0 ^“j 


DY£S 


: ? V€-» 


wposurc » *° Wr ” ,te ' ,h * « ,i£5r <*» ™< uush with socp ond ^ or J 

: co'Of is due to (he presence of a chromophor? 

• Tt >e polar ~»oeh«».-.,ic cjroupic such as OH. SO,H. \H N«. c 

,;le d *"S*( 9nx.p.ol th« fabric "* b,r,ds ,h « dye » <1* fabric by Lntmr . 
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^Ticaio dyes contain one or more a*o otomU .w-v . . „ 

, n* common auxochromres a ,« n H , N r . qh. SQ.H. 4tc * t> " rT,a,i ' 

• *f *f ,on " " ,e Wai ’ S1 and m05t important group of tynthtfc group oi symhefc duos. They are highly 

O^OTVd. 

p Th*V c3irL tx ' J^^iv^red by diazotisma an aromatic amine lo produced diazonium salt. it is then coupled to 
a compound senes, hus. azo dyes, can be produced with almost any color. 
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* It was the first <ao dye to be prepared. 

■ Pam red is obtained by the reaction of dwelled p-nitroanilinc with fi-naphthol on fabric iLself 
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^ Ttlechyl orange- is obtained from sulphamllc acid by the follow 
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HO s S 
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N:aKO; + KCs 
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. HO.S 

l n( Cu : 


coupling 




N,CL“ 
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color to wool and sih. 


N=N 


methyL orange 



N[CHA 


Meshy! orange imparls orange 

s ■ *« ^ — - b - ic “ and " d 


color in acid solution. h in 1he *tniclure of the tons. 

4 The change in color is due to the c 3 
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, lntnaiy™lf«ne dyes, a centra] caibonTs' 
form [the chromophorel. " - ,J ‘ [j!Te « aron r . 

. Tl* * auxoehrames are -NK, -NR, and _o H F f ^ 
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* Malachite green has a deep green ’blue a: 

* Although the color fades in light. ma'achne green s u«d fl < ; d ■.. ■ A . ■ 


Malach te Green 


* ll is also a inarm y] methane dye but it :s better known as an acid-i^w 

* It showstt:-ed colour in base .and ^olourless in ood. 


0 

Red " E IS! 


Phenol phthalein 
(Colourless m add) 


Ttasirr 


presence of affhydrous zinc chloride at 1^0 C 


+ HM 


phenol phlhslein 

- ^ V fh— 


■ J’lwnotphthalein is prepared -by heating pwhalic.anhi,-Jnde l «»U ard phcr.-. »•: raoto :n :-v 
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The para quinoid thromophore is present in these anthracene-type dyes. 
* Alizarin \% a typical anthraquincme dye. 






M" 


Alizarin forms ruby red cry slab which dissolve in aiknli to give purpli.? solutions 
* It is used to dye wool and cotton. 


i St INDIGO DYES: 


Indigo Is an example of the type oi dyes which contain carbonyl chromophore. 
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Jr is .i dark-blue crystalline compound, insoluble in water 
* It is used (or dyeing cotton by the Vet Process. 
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* A dim dye\^biini^i^ic , ot6Si^5^^^^^^ ) il!^!!!!^ ,0 l u llw> of the dye. 
in the chejnicaTslnjcrure of the fiber. ' 1 Con ^ 1|ries ^'dh the upp 05 j 


opposite pcl.-ii group 


--- dyeVjontair,^ C n. lult _ Ul Wlc 
in the chcniicaTslKjcrure of tl^'fjbe rT — 

' * lk are read ^' d V^'l^'m7thod" 

Martins \ eHow, a typical direct due h -i* ff-i f9 - ,-j 

group of wool or silk. ’ flU<llC -OH which interact wi[h ,he 


Filler NH, + HO-Dye Fiber-NH ■ - 0 -rw 

f^wol or altk ) 3 ^ 


£>^c/se Q3 (in): Writ* n*"* 
[a.? Vpc JPy«Jf 
y jb) ftlorrftrrJ t 


™ " . ,,i,i - 

These dyes are insoluble in wafer Tjrnup* — -p— — — - 

colorless soluble compound This compound hrj^d S 50diUm 5S5555*bhT-» 

arent affmuy (or t(Kton an(J Qthet fi beiS | 
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i ,H . , . I , ( .►ru-.H- < (*Ji 

The doth ls soaked m ihe solution of ■ , i. 

. * * ™ ul1 - *■ “*»•** «*«l*Wnd* wld^dCklo :l Tu m l" 22? i 

I i^-nc w -'- w Da< - K to the insoluble dye which ■ 


.fj 


t , rij ( i.. ii i'-.ji . ffth-tal ihirittt iwr 

Lt i an l;i luMtcd 1 L t'i 0>;iduil1i 

iiWh ■■., now bound io IIS'.' 



OH 



i Indigo blue has auxochromes ■ OH which bind ihc dye f ( ^j to 
she cellulose fiber that contains ethereal oxygen and 01 1 qmyps 
by hydrogen bonding. 
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• 3 j iVOftDANT DYES. 
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This class of dyes has no natural affinity for the fabric rind ire applied to it vith the help of sails e.g., 
oxides of aluminum or chromium. These salts are called Mordants 
A fiber such as cotton is first treated with a moidani and then with the dye m 
The mordant forms an insoluble coordination complex between the fiber a no me dye and binds lhe two. 

The insoluble complex compound appears in the form of lakes tha! are :m-t !o ,.gbi and washing. 

The mordant dyeing is the most suitable lor wool and nylon. 

Alizarin is an example of a mordant dye, f\ V , t 

_y^ Cj_ C . W,,_ ; -.’ oe V ' v= - 

T ro-> v 

v ~s ^Vfct \C Vv .O r - 

~ \C " 4 C ^ 1_“'_ \ C~ UT^VS O': ^-b'^OnC, V 
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4 J AZOIC DYES fJJVGRAJN DYES): 
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'■T -^ v'v ^ \ . - 

. In this method of dyeing, the water insoluble szodye fcprodWt in the fabric itself 


, The doth is tint soaked in the solution of a coupling reagent usually « P '«™1 or raphthcl. 

* It is then immersed iri lhe ‘fkj'j 0 ’ . y ^ cotton and oilier collulosic fiber bul may also be used tor 

■ The azoic dyeing is particularly suitable tor .0.1 

nylon. 



i^ H^ater W can be dispersed ma colloidal form in 3C 
1 uese ayes ^lAidal dispersion of the dye 

The fabric is immersed m th^'J ^ ^ 3miclure of the fabric 

The fine dye parlic e5a fc * /" synthetic fabrics such as nylon, mon, j suer and ccilulosc 

Disperse dyes are used ^itn ^ . 

acetate. (Jh^O^C V ' “ " ' ^ ^ * 
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CoNege CVmtory: F.ri<r 4 W 


QUICK QUIZ-3 


(1) Wfliicfr one is first aza dye? 

itself, ^ e f ^ t ^ p * epan? d ^ the reaction oi d jazzed p-rtiEroaniline with /Uiaphfhof 


O.N 




<2> T 1 ora T m i • m * <“> •■’ bmic 

solution and red color irfacid sokjtion°" [ltraIj0ns - h LS ^ cause ir 9^ yellow color in b 

The change in color is due to the change in the struck c f the ions. 
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Phenoiphihaieln 
(Colourless in acid) 
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Chemistry 


*■ ___- , . , — Chrmtettjf: Inirral liimtd Part!! 

Mi WhatJ^meatit by Pesticide*? n 

its types m rlr^ 


ijSP 


DES 


' 



is any chemical which is used in 

nematodes, snails, slugs eK “ ntral F e5ts - Th “ P** ma V b* ins “ tts ' plmt <«*«*. 

r;^ 1 ' ' ' t- 1 c lure, insecticides, fungicides, herbicides, etc., are all types of 


esdodes 


DES 



INSECTICIDES 


JnsacUercfes are chemicals used to control Insects. 


* Often the word "insecticide" is confused with the word "pesticide." it is just one of man y types of 

pestLcides. 

i An insecticide may kill the insect by touching it or it may have to be swallowed to he effective, 
t Some insecticides kill both by touch and by swallowing. 

* Insecticides called System ics may be absorbed, injected., or fed into the plant or animal to be protected 

When th e insect feeds on this plant or animal, it ingests the systemic chemical and is killed 


12] MinC/DES AND ACARICiDES 


V. 


Milrddes for Acaric.ide.sJ ore chemicals u.vcri to control mites hiny Insecticides spkfer~/ifce and ticks. 

* The chemicals usually must contact the mites or ticks to be effective. 

* These animals are so many and small, that great care must be used to completely cover the area on 
which the miles live. 

* Mitkides are very similar in action to insecticides and often the same pesticide kills both insects and 

mites. 


J) FUNGICIDES 


Fwnstefttes are chemicals used to control the fungi which cause molds, rots, and plant diseases. 

.* All fungicides work by coming in contact with the fungus, because fungi do not "swallow" in the normal 


sense. 


■ Therefore most fungicides are applied over a targe surface area to try to directly hit every fungus. 

* Some fungicides may be systemic in that the plant to be protected may be ted or injected with the 
chemical. The chemical then moves throughout the plant, killing the fungi 


'V HERBICIDES 


* Th bit' dtomT toroftrpwticides. # is because they are used to 

• * k “' «* — 

* It is of following lypes- 
Norwelectte* h^rblcM®*; 

/ These are tOKic to all plants. 

use ait w danls are wanted in art urea «.g. ikm-vl. ■ hw 

' be uwd tor°ctearing under guatorafc « for total conbol of weed* in bxtoorW .» 

plants with little or no hftuy to other plants 
I nese ms sum y broadteaved plan ts or grassy plants 

* Usually selective types win t . , 


or slow the 


terbicides ■ 
\s> 


✓ Theie are t ™( U I [or lawns, golf courses or in areas wMh desirable Iky- 

✓ Some ^ elective herbicides may kill only cenarrr ptonB or a a. or,,- . . - 

lawns. 
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NemMkMr, are „se5 co„, r „l 

JVmaic*tes a:t» ;in; hciit ... 

* V«v of these live above ' i 

* v-.d.;^ S 04 J * 4 r s ; . ■ ; ,i . 


v siv, Lind kvii on plant roots 


\J) MOLLUSCicm 




Batii. ai* Qfi en used to Attract ard l 1 s -> ,■*■ ' ' • 

Xl * na K "' srta'ls or skjys in an are<i 



- tV rfood T attractive fu ^ 

• tnsco impellents are . , * ^ ***** >* used according 10 (he label j 

biting and miisane* insects. “ “ • m* 8 imp. tie applied to skin, clothing, or plans' 

• tCST re “ * "** «*» «** powers. ^ grailute . I 

- - ^ ... ^ b - 


QUICK QUIZ-4 


(1) Differentiate between 

ID Pesticides and Insecticide* 

* A pesticide j's any chemical which ■* , l . 

The pests may be insects nh'n' 1 V t0 Cor!tTof Pests. 

insecticides, fungicides, herbicides p^^reain' "^1*' nern ^ode 5 , snails. S ? ugs etr Th 

* ^ , ^r; ™ntn;^ Hc,d?5 

^ funjfcfdej ajjrf 

Fungicides are chemicals used to rnnh-c-J ,u * 

* ™ *«"-* -d .0 cent! n ’° IJs ' «*• -d plan, di»re» 


m What do you understand by systemic* __ 




These chemicals are ab-t dHtZ 

of some plants, rather than to protect then, " 15 ,h *V are used to m 0r ^ |he 




C'j'Wfar t 'fi^mUrry f>£<e-riU Ktf.irt.il ^ >-i r r ■ » T 


, T d J rt difjtrioJrCAi'mi*(r\. 

- - — _ H 

ThS* d(fifcrent ij,pes of repellent* r 

' ■ A fepettent is a pesticide that makes o s \ le 0r , , 

.,»■ Insect Npeilents ire available as aerosol! and W?' xh * ““T ^ . , , ; , . A 

I kir* 1*1/1 and r.i i canro 1 • •. .. !*.■ h;U i k .- 


repel biting and nuisance in wet-; 


iing. or p ants to 


j Utfial are mo/tuscfcfdes 

tfolJuscicrdes are chemicals used jo eon-- . 

Usaally *e chemicals must be eater by the ^ f r . . 5 , : . ,, i: , (> , , , 0 ^ k ,s snai l, or slugs 

m an area 




[ petrochemical 



, a i. . . ,t 


iijl I I :1 _ lj ! 12 

-.would be 


'p£ftOICU,TTl 

• since "petro-" is Ancient •■ , T ; . l- 

'oil" Therefore, (he etymological 
H oleochemicals‘ 

* However, The lerm q]£( . '•> - • 

derived from plant and ar.m ■ bv 


Esplpwatton 

* Pclrochemiwk are cnerv.iO'.. ;m : .. > derived ■: 

petroleum . 

• Some chemical compounds made from p l crr leum ar . • • 
obtained from other fossil fuels such con'- or naiura; ga* 
or renewable sources such as com or sugar car., 1 



■ ;_■ ! , ,J Lr i □ h 1 0 


Eacrrin Q3 fwtj; Describe thm basic building block in petrochemicals technology, 

^inssssiSSEMMn^EniM 


MMMEMML 

Petrochemical classes are - 

fs) Olefins including ethylene and propyiene. 

(b) Aromatics 

i° Srird^matic «* »« building block, tor a *ide range of n— such « ateott. 

. are divided loto ftM group, depend;;;, on their chemi cal *M IU»i 

* Olefin, includes ethylene, pr0? r ‘^’‘ ? s ^ ^' | , hydrocarbons by chemical cracking such as steam 

* At oil refineries olefins are produces mi.. > 

cracking and by catalytic reforming _ - sndustnaJ chemicals and plasr.es products. 

* Ethylene and propylene are 

* Butadiene is used in making synt e n | i( . 0 ™,p T ^ in plastics, resins, fibers, elastomers, lubricants, 

* Olefins are the basis for polymer* and ot^mer. - 

and gels. — 


S^ROMATJCS 


Aromatics includes terrene, toluene. ^i 1 " are mainly produced by catalytic reforming or sin iiji processes 

At Oil refineries, a.-omatic hy rora si , n , hctic detergents 

Benzene U a raie material for dy« * s nate5 

Benzene and toluene are «•*"£» and sy ntheuc libers. 

Manufacturers use xyleu^ 5 P 
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* h * 2Jf f 

MR^hhbs '" ' — — — ■ 

t a ^ 1 ' r! " fi-ii/Kire of carbon monoxide and hydrogen used to make ammonia and meihar:', 

.i.ji i , i.i V'd ut rri.ikc? the fertiliser jrea ^r/j methanol -S usee as a solve: • - : - ^ : .. 

tntermftdiate 

^ " ,t ’ r,jl rftn S t! chemicals rind other n rtlenais is made from these basic building b .rx./s. , : . 

\ A ' In 1 ^du si ry monomers, solvents detergents adhesives pit f 

Jrrn the monomers, polymer or oligomers of plashes . resins fibres elastomers, certain lubricante 

^ are produced 

‘ J ’ ' ' ' ' is proc ' ,Jctjort ^ £, hylene :> arour.r; 110 million tons per annum of propylene 65 millio: -• • 

<jf aromatic rijw materials 70 million tons, 

rilE ta,9est Petrochemicals industries are to be found :n the USA and Western Europe rhouah ■-. - . 
groivih m new production capacity is in the Middle East and Asia 
* ] here is a substantial inter- regional trade in petrochemicals of all lends 


I ? 


GJV 


__tk« ;; ' f n i ™ 'fi f ^ 

txttnI * e Q2 fa* chemicals produced from ethylene. 



HEMlCALS PRODUCED FROM FTUYt fm 



E,M "“ I he sim f lest oiefin; U5e(i “ * Am, cs i f.edswch and ripening homiohe 
n 15 uwd to prepare following substances 
0) Polyethylene: polymerized ethyl ene 

m ^ :;: s:™ ^ :cherai “' reae,ion ^ ,j - ^ 

(a) Ethylene glycol: via ethylene mode hydration 

Emjmc coolant. ethylene gEyeol, water and inhibitor mixture 

« c^:;l ^“ d Sr ^ ,h es,er linka ^ s in ,he 

fc> EtliQxylaie s; 

(Iv) Vinyl acetate 
fo) 1 ,2-dIchlaroethanc 

(a) Trichloroethylene 

S2SS~^3SS~ —a.—, — . » r.,..: 

Po,^, chhrlde lPVC>! ^ Q[ p|astic used for piping ^ other [h . ngs 
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11 iS UMd “ a monomer and a ch“4; 1 | l feed" s i^S,' 

^ us d to prepare following substance 

(I) isopropyl alcohol - 2 -propanol- often mor =r i 

0 **V ,oniWe - USeful as a monomer in forming' Orl-jr' A0h01 
0 polypropylene - polymerized propylene 
i'tej propylene oxide 

(o) polyol - used in the production of polyurethanes 

» ' UStd a rl ena '™ m0lanl -HJ -tewf. deice, fluid 

fcj glycol ethers - from condonation of glycols 

acrylic acid: acrylic polymers 

I'l'JIJ allyl chloride ■ 


Ch^nhfjfrv 1 : JWrrrti Pflrt-JJ 




(a) epiehlorohydrin - chloro-oxirane; used in epoxy resin formation 

epoxy resins - a type o: polymerizing glue from bisphenol A, epiehlorohydrin, and some amine 



a monomer 


IfBffCAIJ PRODUCED FROM BENZEN 


■Beiiwtte- the simplest aromatic hydrocarbon 

(l) ethylbenzene - made from benzene and ethylene 

foj styrene made by dehydrogenation of ethylbenzene; used * 
polystyrenes - polymers with styrene as a monomer 
frr> * umene - isopropylbenzene; a feedstock in the cumene process 
f-> phenol - hydroxybe^ne; often made by the cumene P-- 

dimethyl ketone: also in epoxy rcSrns -md nml,r, , 

fc) bisphenol A - a type of double pnt 

common type of polycarbonate . .. I 

* epoxy resins - a tVP e of p0 | * " ra ^ f ro , , b isphe nol A am 1 1 »hc asgen e I c ur boT lyl c k i V k x it ! .t 

* polycarbonate - a plastic P / materials, examples often made from pettochemi; uik’ 

M solvents - liquids used sc r , ^ n ^ ?n2Bfiei toluene, xylenes 

ethanol. Isopropyl al co ™ 1 ‘ ^ ^ .. c hydrocarbon sometimes used as a non polm ■■ >lv«-nt 

riiO -ejcloliexan* - a 6-CaiboP w hicfl ca n be r! prccur-OT used :• L C r n n - r i - •!!•• I 

te) adipic acid - a 6-carbon dl1 .^ ^ ' copo | y mer form of nylon, 
with a diamine to form an alternate P . 

W caprolactam - a 6-eairbo- c ,■ , e a[e aJtemaling copolymers Ion * • • n 

* nylons - types of potyam 1 ^. imS . Some am I ram polym. dr . • ■; ■« 

d, carboxylic add or derivative 
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( ..!!, .,h- r h, m I'-J 1 1; r V-ii't.ii" f;, Hjrjf P-.iri: J^n 


Cf^ 1 ■ 22 Jnd_*i/Hof Chrjti! 7ET- 

k. nlircbrnt^nr - can tv made by single nitration of bsnfer.f 7 
'!aj anlJine - aminobenjere 

« methylene diphenyl dhsocyanAte MDI - used .* a co- monomer wish dios a 1-AvU to 1. :T| 




1 1 


ji- 


paly.oe'hanes or with d: or polys mines to form poivurca* 

* polyurethanes 

i'i-.i aftyflKniene - a general type of aromatic hydrocarbon which cart be used os a presur^i llHr •*' ^ L! - ,: -v 
5u rfac tant deie™ nr 

ml deterge m$ - often include surfactants type? st:ch os o.ih'- IbenA'nesulionntes >m.i nony.p-iencrf 
ethoxylates 

k’i cflforobenzcne 
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Elh-ifMMflMPw 1 
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CunMne 


CyelotWXJne 


STvrtn* 


FfrtfH}! Ac«)cnp 


P 


i ph*0 si A 


I- FH5tyityf*ri*i 


-Solvent* 


Adipfi 

a d 


Ni Lff>b*fuetiB- 
[ 


CjpfolMlam 


_l EpC*y 
TOin* 
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Aniline 


l 


t» A r!»U pMorotumm 


Qtt 


Oatargant 


Nylon* 


pnihs 


f’ots.tsrtwnjto 


Mci^yicnHj 

olphe-nyJ 

dllaocyioate- 


— Polyurethiirics- 


Exercise Q2 i‘i i j (■nll.n fT^'rciJf chemicals produced /i-owi v. t e , 


LHEMJCALS PRODUCED FROM TOLUENE 

ToJucncr mellu. lbur^cr’.e: can be a solvent or precursor for other chemicals 

(Ij bfHHiM; 

fli> Toluene dlisueytmaic (TDlU used as co- monomers with diols or polyols to form polyurethanes or u til 
di- or poly amines to form polyureas 

M polyurel tomes a polymer fanned from diisocyanates and diols or polyols 
CNJ) Prrrjj-ific nrM ■ corboxybenzene 
M caprolactam 
* Nylons 





Chemicals produced from xylenes 


" W “*?“ . <my °'u'T di "' L '! hylbenWne i5 ° nlm ' rou1d b * « "Iwrrt bJ7 moiT<^p^7rf^» 
(I) otiho-xyWnt both methyl groups can be oxidized to form {priho-Jphthaltc acid 
{<i\ phlhaltc anhydride 
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t f 2 _ Jjidu»fr , (aj CJwmtory 
■ f i ptefo .^lene 

(a) isophthalic acid 

* alkyd resins 

* Polyamide Resi n5 

* Unseated Polyesters 
fKllpflr^ityleiie - both methyl giQ U ,- t 

fol dimethyl terephthalate - can be r ^ 0ii ' d | 2e< ( tc> fonr. terep-.ih . . , , 

* although ther* !o ^ certain pc< r y es:ers 


GcfFfrpr {LArfrii'piri Frdrroi floord JPu/'f -/I 


0 Cc£ ” h ^ 

petrochemical products and as i H "■ '"■ ''■ ■■" . •■■ •■•■ - :: ■•'■.• r:o: 

M purified terephthalic acid - often conoid j UMC 

* po/yesiers ” ^ 1 L * e J TiJ ! 0TTVl P o I . c : h , c n «: : e :: h i h a Ja: .. 


Qrthb- 


M *!a x , lenj 


Phthafic *nhydri-d« 


Hophthilie .uid 


Pa'^.x , ipne 


□rmtihy! 

1erepWialai[0 


~ 


3 U fi EC 
tereph.thi 

acid 


— 1 

Afkyd rtsins 

— ^ 
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PnJyjrtiide rt-sin? 


Unsatufjvrd 

Pclyes^r? 

pcljistens 


QUICK QUIZ -5 


■ do you mean fay petrochemicals 
^trcwchemicals are chemical products derived from petroleum 
rte important classes of petrochemicals are: 

J IJ 0iE * ins including ethylene and propylene, e.g. ethyleue. propylene, and b.,radie™> 
di.J Aromatics e.g. benzene, toluene, and xylenes 

(W) Synthesis Gas e.g. a mixture of carbon monoxide and hydrogen used Jc make ammonia and methanol 


fit are classes of petrochemical raw materials 
mree important classes of petrochemicals are: 

Olefins including ethylene and propylene, e.g. ethylene, propy enc and butadiene 
W Aromatics e.g. benzene, toluene, and xylenes. 

Synthesis Gas e.g. a mixture of carbon monoxide and hydrogen used ic make ammo:-. .a and r-.eth an-' 


ai “re important fractions of petroleum 

^po riant fractions of petroleum are: 

gas. Gasoline {Petrol), Naphtha. Kerosene oil, Diesel oil, Lubrication oil. Fuel oil ?.-e. mun\ ■ 

does refining of petroleum carried out in Pakistan. 

[he oil obtained from the oil fields of Dhulian. Khaur, Ralkasar and Joyameer is ? .r. t - J b ■' ■ . 
Fields Limited near Rawalpindi. The imported crude oil ss refined at Karachi. 

^ain refineries of Pakistan are;" 

W Attack oil refinery 
f'tJ Pakistan oil refinery 
f w U National oil refinery 
^ ^k-Arab refinery 
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SYNTHETIC POLYMERS 


■ Polymeis an 1 high moleculm weight compounds who^e strudums an' up oi lai :■ run : fy i 

simple repeating units 

f 

* The repeating unit* are usually i blamed from low mol ecu Lu wnicthl simple cornpo.Ji K > ... 

monomer 

* The reaction by which m ., rmmcrs nre convened sivlo polymers > k -Own ns polynvr valiim 


Example 


n HX=CH 


POlymenzation 


L thy lone 

i.a monomer) 


■CH— CH-CH-CHt-CH— CH — 

*. £ rife ■* * 

iL i 


repenting unit 


Polyethylene 
[a polymer) 


The formation of polyelhyli’iic from ethylene is an example of polymerisation reaction. 


* Polymers which <iie synthesized from only one kmtl of monomer are called homopol y risers. 

* Polymers which are prepared from more than one kind of monomer are called copolymer*. 


m 


CLASSIFICATION OF POLYMERS 


There are two main types of polymers Add ii ion polymers and Condensation polymers 



Addition polymers an formed iip combination of ettkvrws motioplfers Jo prodte.t: a single bout- tnob-i^ 
only. 


* These reactions are catalyzed by peroxides or acids. 

* The reactions require pressures of 1000 atmospheres ar 200GC. 


* Much lower temperatures and pressures can be useffwifF so called Ziegler Catalysts which comist of aj 
tnalky I alum i hum a nd 1 itan ip m tc trac h lo rid e in an i n ert so I vent 


(ct) POLVETBYIEJYE (POTVTi fENEJ 

* Polyethylene has been produced commercially rice 1943. 


* It is obtained by polymerizing ethylene.' 

C - — - 

-(— CH— CHj— h 
1 m 

Polyethylene 


fa (Jiam growth ptjjy/m Tif'i.jJj n 

die nionornerK ore added l;i sji ..■ 
L'^iJ nf growing chain 


fi'don- 

t 

A 

A 


n HjC=CH, P0 '” ,l,Jn 


{, 

Elhybne 1 


Nolle, that the monomer (eihylene) contains ..double bonded the polymer doe, nol 

The electrais o( the monorrier^bond hc.ue hweTind are used to link ore monomer unit r« aitoHil 
by srgma bonds as .ndicaled tJy eklended lines in abbreviated polumer lormuln > 


™ . .. rni I ,, polymer formula. \ 

The backbone of the polymer consists of the carbon atoms that originally formed the double bonds 
Nothing is lost. The monomers simply add! to each oilier 


Uses 


ft is used in. the manufacture of houseware such as buckets and dustbins, 
and cable insulation. * 


irirj dustbins, carpet backing, packing maten^' 
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yV/iW 1 CHLORIDE (PVC> 


( 'u/(t’tj4» Chemistry: Frdvrat Board; Partdt 
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IS obtained by polymerizing vinyl chloride 
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Vinyl chloride 


Polymerization 1 
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Polyvinylchloride (PVC 
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Vinyl chloride is obtained from acetylene by treatment with HC1 in the presence of HgCl . 
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Acetylene 
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Vinyl chloride 


PVC is used in the manufacture of imitation leather, floor covering, corrugated roofing material and 


mophone records. 




CONDENSATION POLYMERS (STEP-GROWTH POLYMERS) 



Condensation polymers are formed 

■okcufes such os H 2 0 or CH 3 OH. 


by combination of monomer$_u'ith the elimination of simple 


There are two main types of condensation polymers: Polyesters or Polyamides. The most common example 



Nylon-6,6 
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In ste, i-growth polymerization, first bi/unctlonal compounds 
react together to form dimer, trimer. t etramer etc. and finally at 
the end all these unit • together to form a polymer. 
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which have six carbons. 
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Hexamethylenediamine 
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Puther reaction at each end 
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.. and meld* nh^ ..*. * ^* nS fa *« and ropes, bristles fork* 
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' . Athemiop^s-jc poynier is one which softens on heating and becomes hard on cooling. eg. Polyvinyl 
(blonde {rvu, 

( A Thermosetting polymer is one which becomes hard on heating it cannot be softened by heating. 

fjakelite. 


■Jur L'rrtvf chiorid is prepared from acetylene 

\ ,',nd chloride is obtained from acetylene by treatment with HCl in the presence of HgCU 
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HC=CH + HC( 

Acetylene 


HgCL 


H ; C=CH 


Viny chloride 
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|1IJ hexmcifiyiTene diamine 

H e N - CH, - CHj - CH, - CHj _ Cl t, - CH :; -NH, 


i6) Glee use offiyioti^6 t 6 . . . 

* Nylon-6 .6 is developed as a sy nthei ic fiber for the piodic lion of stocki ng a no o ther wearing appai e . . 

. ft is used to make fibers for clothing and carpeting, filament for fishing lines and ropes, brist.es soe 
brushes, and molded objects such as gears and Hearings. 
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if.VELOPMEIVT nr WNTHEtlC FIBERS 


1 Nvlon is the first synthetic fiber ■ 

• Synthetic fibers are made from synthesized raw mateiia | 5 suc h as petroleum based 
‘ ~ • " ,hat w - 
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chemicals or petrochemicals- 

adjacent carbon atoms. . to produce different types of fibers. 

Different chemical compounds w iIj b 


^fdaeturfng o/ Synthetic FlfNirsd Melt-SpInP^S^ _ . most common is the Melt-Spinning 

There are several methods of manufacturing synthetic 


1 1 


t -H ( hen drawing out the molten fiber wish tweezers ns 
It involves heating the fiber until it begins to melt. 
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quickly as possible. , a ^ q ning them in a parallel arrangement. This brings the 

The next step is to draw the mo ec aTld otLent . 


The next step is to draw r t0 ctvst a.llize and orient, 

fibers closer together ano heat to permeate the shape and dimensions of the fabrics made 


/ Lastly, is Heat 

from heat-sensitive fibers. forcing, usually through extrusion (the act or process of pushing 

In general, synthetic fibers are crea cc rross-sectional profile) fiber, forming materials through hole- 

Qi thrusting out to create objects o a ^ 

{called spinnerets) into the air, formi 3 ;fj • « , manufactured fibers were made from cellulose. 

Before synthetic fibers were developed, adil'cM!- 
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Introduction 

The nuj; . w proh^ hro4hnQ r m™r e Tron! XCeECled 53 b ‘" i0n dollars in 20 ° 2 - 

• Coan^ L ,. are aJwaus E ™' 6 “ n,lnuesl =>^nd exponentially. 

• T^T ™ ^ ^ "* ^tan. #* improve 

. The !««, ; t l;r o rh™Co.m q r ire T 0 , 4UPPlV p,0d - ts - \ 

«WW) »■ mateib ' 1 - 01 - c,;ics fragrance Asocial (CTFA) Drcf, , 

ndredi0fn£Win3re di^- addedlotheltooftho5e 
* <*« the important r™ m „,r„ ' ‘ bom used for centu ri«. 
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F ° l! ™ i " s ** ih ' ttttportent cosmetics 
W Nail Polish 

.tail Polish Remover 
(3) Lipstick 
i *t) Hair diy^s 


NAIL POLISH 
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• Nail poJrsh foT/acquer, or enamel) i. ,7 - - ■ 

However, olher cosmetics have ahltoro ofT an ' nw ™'on orl^^— r— -- 

■ o'Slory oi hundreds or even thousands oj virare " CB,m ' ry tec,1nd<: 
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pMl coverings were not unknown in art ,.„,, ,.. 
imner classes nf nrrldnt cv_ V" : l[r! '- 1 


Ci ? U"‘w { h, 


the upper (lasses of ancient Egypt "bab' . 
eotnposifiosi . manufacture and handling refoL^ , “ '" dic 1 ' 

Modern nail polish is sold in liquid fo™ r v * topments in modem chcmic 


vfri, f Bwtrti f'nrl 


t ^ *^111 jn *■ II ■ 

Within & few minutes after applicant is app . •! .;*!. , ; ■ ■ 

fingernail. This coating isboth water- and cb^ ' U0 ' vanCc ■■"•.' form 

, Generally, a coating of nail polish mac- last ^ ^T'' , 

, Nail polish can also be removed manually k, ^ be ^ re : ; ^'9»»tocnip 
SO break down and dissolve the polish l>: ' '* ! aL1 remover ' 


uii \i,e 


h--rar.ee ties 


*HU Q3 fuH): Describe rtnt materials an A i*,~ .; fftrf . . 

Sp , . — — — — an ujacUmng process of Soil Polish . 

ifHArBfl/ALS - - - - - 


r'er, a number of ingredient types that a e used 


there is no single formula for nail polish. There are - . , “ 

These basic compon e nt$ i ndude: 

(I) FJfm /omiing ^ents e.g. Nitrocellulose 

• fl “!" “£ p,latlc,zer * e -S- ««« Oil. amyl and butyl stearate, and mixes of c . .v 1 fate,- acids, and 


acetic acids 

(3j Solvents e.g. Butyl stearate and acetate corn pour . : 
W Coforins Pg-ents e.g. ''pearl" osr "fish scale" 


Ti'£ MAHUFACTRVING PR OCESS 
ndides followmg steps: 


i.l f When properly and fully milled, the mixture is removed from the mill ir :■: •■ i and then broken up 
info small chips for mixing with the solvent .lie mixrng :s p it: - : :::: ..:.! in ytainlcss ctecl i-;t tries 


(Kh.: 


^*^■1) in (t speefa^ roOrtT or area desigrtci/ r* COnrro, 1 rfi4J Fiiiidrds e; f-rt- L'gpi'.; •■• .' 1 ■ . : - .^.r. jji ■,■■■■. : 

^nafi area ulth uxiJfe that urJlf dose (n if an nfarm sounds end, ,'n rht cucni of explvs ■•.■,•'■■ ■ 

nj thg rest of the structure. 
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At the end of the process, the mix is cooled slightly before the <?t maieriab -n 

Perfumes and moisturizers. 

^ 'Hie mixture is then pumped into smaller, 55 gallon drums, and hen :u;l : ^r! . lion line. : 

finished nail polish is pumped into explosion proof pumps, and then into md.,' ' :t.es citable for :he 

feUiil market. 
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^“11 polish remover base commonly contains a mixture of two organic solvents «e«tom> and ukyl nenic. 
''“lone belongs to a gioup of oigan-c molecules called k«on« or aPwux - “he umpe: ni -w acMo:« s 

, ^anone, It is also sometimes called 2-propanoiie 

*J»« acetate belongs to a group of organic molecules called esters or alky, astern u< - , : tot 

yl acetate is ethyl ethanoate. 
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□c v t o rr e ethll aref^,»j 
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^ “ mbi — beeswax, c a ,d=:,„a wax « 

"UrZ Cin ' a '* K ^ in ' Or vegetable oil) 
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QUICK QUIZ-8 


(ifltttiinpofltlQn of lipstick 

GecsealSy the composition by weigh’ lb 

* Wax and oil make Lip about 60 percent of the lipsticK 

4 Alcohol and pigment make up 25 perce r-L. _ ^ 

* Fragrance added io lipstick, make op 1 ° e .- - 



JV* type of vox Is used ^ raw matisrJaJ Icicle 
TW wax used usually Involves some 
**Pfrutve camauba wax. 


corrbiration of three VP<s *«**»' - : or tw rv ' 


*"* Se?ara ‘ e "** 

' ! J melting, and. mixing the lipstick^ 
rjF J Pouring the mixture into the tube 

^packaging the product for sale. _ 

percentage of alcohol and P* 0 f the lipstick 

and pigment make up 26 r "™ tbtf * e '» 
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HISTOHY: 

oi the world ffecoids P**«paratkins r and was used by anctent culiures in ,, 

2 HeW< Pereiam - chi — ^ ! 

3 Hock alum mj. ^ "''" 1 , 1>Ll ! 1ts ' im ‘ [i,Kic impounds, or a mixlmv of the two. j§ 

many parts' rflht w^W^'prSu c2 SR? h * h fcnun * imes 1 k '" ; *' « - 

Many d*™ pbn, “ 'tracts were used , or ^ *, Europe ard , w befor! , (he „ ;(Vi . n[ ,, ^ 

“ 'pZ.«Z\T^' " * ! *’ k ‘ t1W - ta *»• henna to make light 

‘•iw'wnil* plant tvas used to Itgiiten hair, and tins « m 

« ' r ‘ ln - V** « VK Ll5t ’ d J « h«r dyes. 

F od u l L d frpm w ainu t leaves or nut bus ks. 
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modern ^GEr ' — — — — — — _ 

* Preparations such as these u»w puTTri - — — 

until She late nineteenth century. V ^ ^ availabl< -’ 

unhl 1 !^- ^T> tk ' l '“, dlW<;wred in 1!;is ' hut it wn« not 
effect hJ;taS eXhlbi!td aS * e Parfs as an 

‘ ^;t n a^n ** a hairdresser began 

ir ula at ,hc 

youth water! This was rhJ I 3 ^' d "' 'Soiden fountain of 
colorant. 4 ’' L L1 ^' rr3Ch ^ em chemical hair 

* Advances in chemistio led * n th « 

dyes i„ the !a, c nineteenth cenru' lv . P " MUC ‘ JOn 0 ‘ m «« hair 
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KAtA' ^ATERIALS^ ~ ~ —— ~ 

In genera], hair dyes indude 7 ~ _ — 


Ldhes 


JV 


(iTaTZ?™ *- S - Sodi ^ sulfite 

* In addition to tCse bastech^',^' 1 ™™ hi ' dr “ Wc 

ouerai! acn^n ofth^ fo^uir^"'^' 5 * M R,ahe ** Spe ™' qualities They > 

p Hair dyes aie usually packaoedw^h a or thick, or contribute to 

« ^ developer i s ™ **** > « * «P»«e bottle 

‘ m ' CafS Ending on die manufacturer with the addi.tr 
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I j-pjj^jiWof C^em(*lrv 

bother there chemicals are mixed in pc eh coj^ ca™^.- ?«*«*; F«,rd p^-u 

,^ [ jjj^uies. eate ' J ' l,a ' er ot " er solvents. The premix is agitated for about 20 

The pre mix is then added to a large tank connu ■ 

* ^ getting proper consistency this mixture is dpl^ a ' hsredLe " : - ~ f the <&* 
pack with developer and then distributed in t^e mJ^ei 3 :ark wheie [t !i in boT! ' ei labeLed ca P ed 
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sfng ajiff types. 
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IhHESH/ES 


An edheslve t* a compound tho f adhere* 0r bond, , KO tr™ 

* Adhesives are m ea nt to st i c k t h i ngs toge th er. 

* Whesives may come from eitrse. natural or synthetic so vices :.c. Aches ves are nature product and it is 

also manufactured m Factories. 

* Some modem adhesives are extremely strong, and are becoming :ncreas-.-tg:v important in modem 

construction and industry. 


mS OF ADHESIVES: 


|1) flttTUHAL ADHESJVFS; 


* These are made from inorganic mineral sources, or biological sources such os \vgctab.* matter. starch 

Mextrin), natural resins, animal skin. 

* They are often referred to as bioadhesives. 
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W SVNTHET/C ADHESIVES: 


Elastomers, thermoplastic , and thermosetting adheshes arc examples n! syr/.r.etic ad.iesives 


TDfiVfNG ADHESIVES: - 

The drying adhesives are a combination of ingredients suspended in a solvent. As th.e solvent evaporates, the 

adhesive hardens, e,g. White glue? and rubber cements 


[ilComCT ADHES/VES. -■ , „ : : — TT“ 

adhesives nS TbTSfe to bo* **** md *■""* *°" 8 :iir,f “ d,v 118,0,4 ,ha *“ 

surfaces are pushed together. 

* Some contact adhesives require as 


surfaces are pushed together. ^ ^ 24 bourJ to dty before the surfaces are to be held together 


3.HOT GLUE; 


■ of use and the wide range of 


qun 


ft 


* It is also known as "hot melt" adhesives. 

; These adhesives are > h ^ 0 P 1 “; l “' d , c | )ar den as ihvy cod. 

They are applied hot and amply . because of their ease 

1 These adhesives have become 

common materials to which they ta5 ^ ^ en j]lows the liquid to pass through the bane?'. ' ut 

* The glue gun melts the solid aUivM-. ■. 

onto the material where it solidified 

[ ffjfff CVmtf* ADHESIVE^: — — { ^ ~ medium molecular weight resins. 

* *Am u^adtoves cow* «*»'* °> 
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_ _Cg /,tr.n-, nature: resin s . amma . skm Tr ey are :~an ca,.ed asb:cad. 

Wftj, ami L ihert drying adheres harden 

j "'v Ory:.f t g ache-iives ;e ^ -v • a \ -_. r ■_: ,- 

- Mhfei .•;-: 1 arc p - . ■■_ e.g. '.-. ■ -- .rr v-v • 

Hou. 'idhxMr.eh ore tried applied 

* The drying ^h-a are a -c:T: ■ c f .r :• 

’he an .* r r^rder e.cr. eVhitf? r .e :-■ ** • - 
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ive: 


T'’t 'OntacT ftdh-C'':; ,'fi'i '■ ..-* "r ■■ 


! 1 iTm'"! P— | r '* 


’ *. 


: ■ t- 


Jfc: daces jrt: j: . -.r,Hd togerr.eT 

/ /rj m- Ji-of yijje j£ applied? 


dCt 


C. 1 ’^ tu SC' 27 ! € 


■ " A; : ! - t2 sc 
£™0 :c dr 


• : r . 



rw 

if LJi* 


i4'h^ J 

? 4[’ r£?J 

";5 

Pftro 

a 

c j! Hljli- 
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KEY POINTS 


'“ 9 * r:c - ' n J CrS * nlC and phi ' ,tol 

oJ cherrnsirv A discovering and repon:ng new products, routes and tech- ques 
Cap,^, enS ".. e jndustnes «« <h«iM M He,. v while labour inannve :ndu»i„ ere r* 

' J9ht , "* j5 “ c5 “ iiet » “-'Oort* #>an heavv indumMi and require less capital invejone-t to v ■ 
f-ettalty ehermcals are mataly used in the form of fomulacons. Purity is of uitai - 

Th?^ Thrs calls for organic synthesis of highly valued pure chemical, known as fine chersak 
the oppositely. Charged groups of rhe fabric struck V * “* *** ,<lbnC ^ 

I a:* s i ... ^ 


nJ-. 1 W-'ft 
:t .4 po 


x ,\a rJ 

1T\B 

d! Whk 


du 


- rr-r ■ ■ w-wo- iwuin. ■ ■• i 9 ^J 1 . «_J I C 7 

Insecticides, tbngi tides, harticide 1 - etc ^re- r iii *-'1^10 - r 

(touch) Ifw pesi to be deadly. Others mus, be UCed m Cfectii 0 ™ ^ °" V ^ 


rich 


* 

* 

* 


■-■ '" ji ^ 10 oe enective 

. ’etjochemicals are chemical products derived frorr ? 

petroleum are also obtained Irom othe- fossil fue : s „ • ' , 'i' c ^ m ' cal '“"P 0- ”" ™" i 
as com or sugar care. 85 cmI or S«. or renewable sour: 

Potmen Which are s^theslzed from on In lri nr i 

Which are prepared from more than One kind oj m onv L 7rZ° me N T C0/Ied h °™°P°ly™rs- Potypip* 

A thermoplastic polymer is one which softens onhra'inq and " p “' vmers ' 

A thermosetting polymer is one which becomes hard on^eatino ' t “J °" c 00 l,n 8 - 

Modem nail polish is sold in liquid form in small bottles and 3 ^ soften=d ^ ^» ip -£ 

Natl polish remover base commonly contains a ^ ^ 

acetate. e c ^' 0 Q tganic solvents acetone anc c - " 

Lip^cks are simple in chemical composition, however comnlir^ ■ -i ■ 

made up of three ingredient waxy or fatty base a due andT^^'' appllcation 0r Tn0 " 

Many different plant extracts were used for hair d,r* ■ ' f a perfume, 
dyes U5ed hiir m Eur °Pe Asia before the advent of 

Oastomers, thermoplasttc, and Ihermosening adhestves ate examples o, synthetic adhesives. 
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EXERCISE 


Srf M Mhgjjghta nsu , ef frpnuhe c>lo j ces gJ|)en ^ ~ 




(Td l Bismarck Brown 


(d'l mice and bats 


I Ihe brfrf f .hen i.iic uhrch opp-fjes physical and er^i e?j-ra i cirJ procedures roM’Ofds rhe trnnsfurmati’ejrT of 
n eturat row material and their derivation to products is catted! 

(a) physical chemistry (bj classical chemistry icr industrial chemisby ;i. both b ancle 

iVhJch dye f* used In boot pofrsh 

(a) Azo dye (b: Congo red fc) Methyl orange 

Hfj filtic.tdes ajr gjijed fp control .TK 

( ^j-licks and ro i_tes {bl Fungi ( cl Unwanted plants 

iftiji At nosoies and lotions ore: used a$ 

"Taj Fungicides (b£ Repellent ' (c) Herbicides 

rl Petf ocfie m i cals are clrtiisf/recf Into how m dosses ? 

[&) One (b) Two 

i'bPJ Hoie many clmes o/ pouters? 

(a) One Two 

(nil} JBjjtlan is a polymer obftiJned by 

(b) Condensation polymerisation-//.., 

(d) Nt 


Id: a and c 


Three 

(c) Three 


id) Four 


(d) Four 


{a) Addition polymerization 
(c) Homopolymer 


C 


one 


(HR) Which of Joli owing nof a raw mrrterfol for rjnll polish? 

. {a) Pearl (b) Castor oil (c) yRHorcipoP^ (d) Nitrocellulose 


I'JjrJ A pglyirifLucbirii becomes herd on hearing Is; 


• (ta) Thermosetting TbT Thermoplastic 


Addition 


Id) None 


ix} Sail Polish remoter bade eonimon/y contains a ndjrture of two Organic solvents as 


XajTBsnzene and acetone (b) ethyl acetate and CS 2 (c) Berwer^aijd CSj d) acetone and ethyl acetate 

i'jti',1 Which of following adhesives nee also known as^ioadhesioes^l. *% 

(a) Drying adhesives (b) Synthetic adhesives I, cl Natural adhesives ^d) Hot glue 

(jrfl} A chemical compounds which Is nieanf la slide thing's together 

{a) Nail polish (b) Lipstick (c) Hair dye (id) adhesives 

(xlHJ In early ages hai r dyes were made from 

{a) plants (b) animals (c) metallic compounds (dj both a and c 

(xfv) Polymers which are prepared from more them one frind o/muriomer are 

(a) homopolyrner^'fb’l copolymer..." (c) addition polymer ,d. none 


'i| Afts; (c) industrial chemist 


ANSWERS TO M ULTPLE CHOICE QUESTIONS 


(ii) Ana: (di) Bismarck Brown 


|3y definition it is industrial chemistry 
The chemical which kill? miles are caLled milicidcs 


■rl Aji^r (eli Tines 


The three daises of petroc hemicals a r e; olefins, aromatics find 
BVnlhesis.gas. 


Bismarck Brown Lh used in bwi polish 
Aerosoles and Inlium are rcpeilem 


(vi) Aiis: tb) Two 


lit? Ans; (b) f 1 rtrtde ns J non ly n WTlral i nn. 


Nylon ii polyamide, it is obtained by condensation of adipic 
|acki and hexamethylene diamine with the IqgsoHwter. 


.'■*1 Amt: [a) Thermosetting 


By definition ii is thermosetting 


By t 


jt) A ns.: (cl Natural adhesives 


Plural adhesives are obtained from living organisms- 
Sn Hii^u rue called natural adhesives 


Auv- jdi both a and c 


bi-ly hair dyes were made from plants, metallic compounds, or 

3 rTlivh,,!.. _ t .1, , 


There are two main iy|X>s of polymers. Addipnn polymers 
and Condcnsiitiun polymcnt. 


(vHI) Arre: (c) Resorcinol 


The mw rniiteia'.s for nrul polish fin' Pearl, t'sistoi dl and 
NitrocellultKie 


U) Ans: (d> geeto-ne andi acetate 


Nfi.il polish remover lias L'lise of iwo solvents: acetone arid 
Elli'jl acetate. 


: si i ) Ans: (HJ adhesives 


Adhesives bind ot stick things itujvihei 


(*lv) Ans: (b) copalymei 


bh 


Polymers ma<lo from two kind of in. i pen 

coDolumere 
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CH # 22: Industrial Ckvmhiry 


E' 


( f^Jir , ; p*‘ Chemistry: Frifrral Board, p 


cm sixers Jor the fallowing questions 


H) Htool is the difference between classical and industrial chemistry 

.* Classical Chemistry (organic, inorganic and physical chemisfcy; is very essentia, for advancing 
science of chernisiry; h discovers and and report new products, routes and techniques 

The industrial chemilfiy applies physical and chemical procedures, discovered by classical chemit 

in ware s the transformation of natural raw materials and their derivatives to products that are of 
humanity. - - - — 


df) Hou' mef/iyf prongs prepared ? 

Mel by I orange is obtained from sulphanitic acid by the following steps: 


HQ ; S 



NaNO. + HCI 


0°C 


HChS 



coupling 



N(CH,) 




ho 3 s 






NICHX 


methyl orange 


(Ilf} How h Bismarck Bremen prepared? 

it is obtasned by coupling tetrazotised 
m-diami nobenzene (bj. 


m-didminobencene ( a J with 



two molecules oi 


coupling 



Bismarck Brown 




SEE 


CoUrif*' Fritcrnl B^id' Pzfi - f 


( ’f|| § J/. Ifldmlrfql 

fjuJ Haw k t Fluoretievin prepared? 

Crail^ SJZ <rom PhlhiJit: anhydritl « «"** f<H in tr .,,■ . Of , : , cf.lond€ . a t-.e F: • del 



(ejJ EnJliit different chemlcefa produced 1 from ethylene. 

Page 


(ulj Write different chem/tais producerf/rom TiiJ’iirrU', 

Page 


fulfj Differentiate between humapalymer and C apatymer 

* Polymers which are synthesized from only one kind of monomer are called homopolymere. 
e.g.; Polyvinyl acetate" " 


CH, - CH 

1 

OCOCHj 
Vinyl acetate 


- CH 3 - CH - CHj — CH - CH t 


OCOGH, 


- CH - 

i 

OCQCH., OCOCHj 

Honropolymei (Polyvinyl ace(ate) 


Polymers which are prepared from more than one kind of moraomeiare called copolymers 
e,g.; vinyl acetate and butyl male ate combine to give a copolymer 


CH, = CH + CH = CH 


E l 1 

QCOCH, COOBU COOBU 

Vi rtyl acetate Butyl malea 1 1 


-CHrCH “ CH - CH~ C HmCH - 

I i I I 


OCOCHj CCOBU COOBU QCQCH 3 

Copolymer 


[Hit) What fc the difference between ihermopItHtte and thermosetting pcdynier. 

. A themoplastic polymer is one which Softer® on bating afcd beaxnei hard or cooling, e.g. Polyvinyl 

I | i i ^tqi f/'i \ 

which become^iwd on heating X cannot be softened by heating, e.g., 


A ilwrcngksetting potymer is one 
^gkdite- ' 


fix) How will you synthesize Nylon 6.6 from 1,3-Bumdi™. 

Page 445 


ft 3: Give detailed ™*werx for the 


11 } WkatTehlm ^ ermnt w ^ *" ^ 

W WhatZl <W Ham <.« they etaeeljled - <*« »"*<* 

W n£dtoU kroo, about *«? Horn are they clarified a* the teal. a, apptUatta,, 7 

Page 434 

ffe) Wdte a not* tw 1 ' 

(a) Vat Dyes Page 434 
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tW 


^-tEtCE 


.j A, l m f*+* 


trt) 


mB&rr y - 


“ 







[b) Mordant Dyes ■ ) /'n 


(a) Wh at is nit'i.n-f by Pestle Ide*? Describe Us types in detail. 

Page 437 

(H| Dcjcrlbc the basic bufMing blorik in petrochemicals m tru 

Page 439 p , , r 

(Hi) Describe ran* mat erf of* optJ nmji u/acf wring P nlf( Sj ^* l]> 

Page 449 

(HU) Whirl nrc adhesives? Discuss its working and types. 

Page 453 
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4 t* Owrf writing c.,r *t ■ 
,; [jgh.: otynvx ir : atrn •• - 

'«' EK ,fl 

i Raw m-*.Vr.n i;i' • 
a a*jr.mp •■ 

p] An, esuampk of Ajo dye t 

L®, I oia>^ 

*1 Whu r, ! ‘"i '■ 

(•a’* Ar.rhr:v-...~ 


Mirk* 1 


d .i!l 


Ir. which .ff ih* 

■ 1 

-. il I /Vf." (j',V1 


L h f ri -I : ^ ri^T 

JftoS C •• • ' " .'•‘“‘■’“"■itv 

JlyTr mr, ! m* I t * - -_i5-, r •, 


•V,: 

Miywnt h com 

i*J h\df*tl',n 

ivti: 

Vi TTT " •' 

fvait 

.11 Pc^vlr.c ■ 

Sf-jivt-r :■. pr i-durt 

I.EX) 

iftt O twi L 

(c| LV^.-IV-J ' 

y, r ' ■ ■ . 

vs 

Cni p !y**yr* . 

V\>byTT:f n > ‘ 

(xi) 
(ml j 

(t) fV^mopojy 
; '•.■tnx 1 sv" ' r 

In. ofw 
Wb,. h o! !■ •, ' 

[m 

(A ' Pc .!' 

Eh c.idy da ^ h 

iwv) 

(n ; plar.b 
A dKrnitfli c. . 

Uvl 

(a’l N-aii v- .. ' 
Ifl dv"- «' 

livi' 

^n? E\v 
In nad poiahv 


Eh” pc >H v * l A T ' I ■ Tl' i e 

nr ,b ; . hf n f f r»* K 1 -iil^ivf 


fbl Mp tack 

i.-TfOrnTJ t> U«d aa 

~~iW\ fWs-'tdv u* 

sotytrit u*#d. .ir - ** 

u' amt 

o n) Which of fr» M!^ ■ ;> ■' ■■ 

(<,} *a<er 


. N\ 1 1 ■ r- ’■ ti 

i j nwhrax * 
t h rr «’ 

u. ■ . ; „l. | fTT !W* r . 

C i,n»! 

■ H bo )h 'i t 

rtf in* "O jtl-'-A Shlfgs EO^TttS 

id VJin ^U f 


Ha-f d ',v 

- r£L 

IT l n m-dil itr 


i v. iUU . tj\j. 

T-I[#l M-irk* V, [J, - |i ,ind (. &S 


1 


" T '"* : 1:55 H — ... ctt-i - «- 1 ’ ’-J- «- . , 

WUOWH ^ »->-* *-* ""' J S 

111 l&J What tie cwnmod-rty chemical 
ibi Whal are fine chwmcab ‘ 

21 la l Name main wuites for ««- VCI T; v ‘ ' "V.. ' . - . . 

tb) Wkuch ra* mulffiah «» IT“" " ‘ 

I3i i a| b#tuN»n B C S 

Cb) Gta«»NTip*«offwiMWnd(«J« J 
i., . r.». _ t™, CJTWTfE 


, .N i 


Ibi Gw — C <**««« nrP- - 

5> r . 


-.021 
102 1 
01 J 
(02 1 
!0 1 1 


tw are iequiTemeri« « -- ■ h ^ \ l> 

'bl Differentiate between classic > q,. ^ -r-.iy arc cl* 5 -V* : ■■ 

m „ a dye? Which pcop^** ll must 


Differentiate between, 
i) Pesticides & Insecuddes 
; ! ) Fungicides St herb icides 


!3w vat 




- - V 



Cf 

“l 

Cl 

Tlse Ullhr idly Wuild Fur 5iudehbt 


CH * 22 Chemltin; 

'Hi faf What are molluscfcictes? 

, 91 ,1 . be ^e«n selective & non - s«jec(iv« herbicides 

' ' , l ' hst ,Jo V™ a»4T. by petrra r* 

. ' •' i,r - e f«» chemica prod.ced :• n. • . ..... 

.' at , “ lndu «rinl irr.pcrance o: ethy>r.e? 

b) ™^*«cs & ■ seffiny ptes. , 

in. why Nylon 0,6 * called 

1 12) What are c .■ .,{ 

'■ ‘ , J< " '*) Nylon 6,6 

‘“L'f* J**" chloride is prepared iron acetylene? 

n4l . ST •”“ u!a °f <^ipic « id & he cnethyiene carbine 

ib) Give few examples of nature] adhesrv, . 
corn p^wlI inn of rsai] polish 
y;hat ,s com position of i r .. ™ 
fb. What type ol x-ar is used as r,., re ilK 

' ,r ™ 1W «c'PS are mvds-ed to manyta ,. 

08^1 Ho GP T n,aae ^ aiMh0,fc : ^ ;i : I' 

■ ■ l ° 1 j ™ 'S F\ uojej.ee i r i p fir pa re . ■ v 

mi g^ a '*««'»>pl*olaeopoi v W 

■ rt«) OX w,l, you prepare Nylon 6.6 i i^ ; , ad .,,_ e v 

W Give uses of Nylon 6,G 

SecHoti - C 


Note: 

!. a) 

b) 
t) 
2. a) 

b) 

c) 
3 a) 

b) 

t) 


2- - dyas’Gtu* £ P"*™" « 

^v'nle a note on Triasyf methane Dyes 

r C0,, ‘ " n •••« hr. sis oi rr^rhssdrs of applet™, 
Ah„t are different type, Q < pe.itc.d.-.rV aPF'Icat.on? 

■ ,a| flri - different types of adhesive? 


2 *13=26 


( ■ it Chmis : r , f . 

■ 1 1 

' -- ■ 

■ 02 ; 


[033 

IffO i 
0 1 
1 03: 


[ 02 ] 

(01 


(02: 

. 01 ' 
(03.1 
(02 
:0i: 
■02 
01 
( 02 ) 
(01) 
( 02 ) 
( 01 ) 


( 05 ) 

.04. 

:G4i 

f05} 

(04.: 

[04; 

( 04 ) 

(05) 
(04) 
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ENVIRONMENTAL 

CHEMISTYRY 
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f 


'TL ^/1 


PRODUCTION; 


It J; the branch Oj chemistry uihlcft deafa u'Jdh the chemicals and other pollutants in the enulrflflmenf 
.idrfiing directly and IndrrecUy /rum human ncfJurf/es. 

It is the study of the sources, chemical reactions, transportation of the chemicals and their adverse efieds on 
-■man beings. 

jiBfrtJnment pollutant 

Arty substance in the environment, ii’h/ch adutricly affects the human health, quality of life and the 
natural/ 1 icIJcjiirncf of ecosystem, Is knoion dft eFifimnmenliri poMntvnt- 

Prfmary Pollutants 

The pollutants which dfrtclly comes Into the atmosphere /rOm the source are called primary pollutants. 
e.g, oxides of nitrogen and volatile organic compounds (VOCs) created from foss:s fuel comm-iscion e:c - 

fltcon dory Pollutants 

The pollutants refrlch arc derived from primary pollutant* by chemical reactions In the atmosphere are 
catted secondary pollutants. 

e.j, sulphuric acid, nitrogen monoxide, carbonic acid, hydrofluoric acid, peroxy acetyl-nitrate , APk 


DMPONBNTS OF THE ENVIRONMENT- 


(]] Atmosphere: Gases surrounding the earth _ 

(2) Hydrosphere. Concerned with all water bodies i e. ocean, t ivers, streams lakes, glaciers and ground 

uuater reservoirs. 

| 3 ]l Lithosphere: Concerned with hard and rigid rocky earth ct\^' 

( 4 j Biosphere; Area on earth with support life i.e. air, lakes, etc 





ATMOSPHERE. 


Our surrounding on earth is called atmosphere. 

[( consists of gases i.e. N*. CO. He, Me. Kt. Xc and water vapours 
Its thickness is about 1000 km above the surface of earth. 

Ike gases present in the atmosphere are very important in (he fallowing waps: 

The „ flases absorb harmful radiations (cosmic rays and electromagnetic radiation! of bon to protect v 
on earth, Otherwise these rays are very harmful to Irving things on caul.. 

fill N, is used by nitrogen fixing bacteria 
pJI) 0 2 is necessary for breathing In animals. 

(tu) C0 2 is necessary for photosynthesis in plants and 
t* Water vapours ate responsible for sustaining file on earth 

Armosphere has^re^d^vided^nreouMav'en-: ^ ^ , t Thennosphere 

, j . >||| , n ||f.t t c. troposphere nno si, 1 alt rep here 

First two layer arc of more concern lo human iik.u. 






•4 V.‘ t*.' 


Troposphere is^ery do M to In whi^ ^ which aw present in out .iliivre-iin re 

It extends up to 20km it contains all in • J 
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* |J * r-PPHn 


l II i III- Hr- 


fi r rr 


( r.Uv'H* {.Awn .( ivf.. 


11 '' !ni[‘n utiint flu, ro 

» re?"' *<«■'«* and and bt 

' 1 ' Hm ‘ ' il nvic!it>jis fhirinq .icirj fii,n 

f- 3 t f^'jr 7 ;,| 4 l ii'i . , 


Qi i‘ 


• il ii: ] K'j j I y j-f j 


indJtmd'sM ©^r** #<W " f * m0ke '- fr - r iinot. «nrf V/' fr'Jtn foa" 


.■ ' ' ■ " ' L - ' v ' irifjl'i' nr id si ; Jfur rJ'OKk't: r ,.'oduced 


WlO: fr.jy to CK'-lfi' jrw lu .:;v,’i. 

Phot nr^PinlctiiT j 


m me bur 


I " i ti candjt i', >r i ; . , rv l , ,, 

created [ mm foS5ll , , . . / PoButan* (oxide* of nitrogen and volatile oroai 

dtlferent and .hazard™ <ntluence of sun. T t to produce a mixture 

1 ■ -• • r.o-/. i ■. . ,<:*:or?fj . r ^ uta /\ (_■; 



U^tnlcnl P<>tU si , m i<i in Photochemical Smog: 



Somkm 


•wfllmid Human 


Environmental Effect* 


r A 


,-j ¥ . r \. _j 1T ^ 

i • m soil 


" : ■ tarh Decreed vinbJiry rj-j* to ye.'.-iy-yh 

• o. : or of N’t Jj 

."■Oj, cpninbules (-J heart and lung 

problems 

* ,rj i w- suppress plan' gro 
■ decreased reiiilanw to jniectson 
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® «!» Chop's -nd «hr pote«n, s ,fr A. rolling 


directly ond indirect jrom human oclWU« 
It is the study of the sources, c 
human beings- 


hemical reactions, transportation of the chemicals and their adverse effects on 


M Whol b smog? Wto* «« «» *d^„ , c W from smote and -03 from /os" 

ft is a combination of smoke and Jog re. sm , 

It is of two types: 

■ndunriol Smog: , j 5a || ur dioxide produced from the bunting of coal con combine 

Under the right conditions, the smoke ant) 

'with fog to create industrial smog* 




QU/CK QUIZ-1 • 


safct v 
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jf # ?3 Jpurrornnentat Chcttifetry 


^.- t^i 1 [’.TietJifs/ry: frcfirnif Bcmrrf: Por^-J^ 

a?.wi«t.w>i«tf J i.- ( »w.wK)ai8?ii 


The development of ohntnrhor 1 -.; ( -’TT '" 1 * 

and volatile organic compound/ ir^h? IS . Prim * rily ^ttmined by an abundance of nitrogen oxides 
conditions T " " ' U atlTl0s P^ ere and the presence of particular environmental 


s COlU " lti0nS mUit 0CCUf to ^egin the chemical process of photochemical smog development. 


z Sunlight 

^ The production of oxides of nitrogen (N Ox.. 


^ P r °ductlon of volatile organic compounds (VOC 51 
y Temperatures greater than 1 8 degrees Celsius. 

* If the above criteria are met, several reactions will occur producing the toxic chemical constituents of 
photochemical smog. 

The formation of two most dominant toxic components, ozone (Q g ) and peroxyacety! nitrate (PAN) 
is given below. PAjN is primarily created from volatile organic compounds. 


* Nitrogen dioxide can be formed by one of the following reactions. The nitrogen oxide (NO) acts to 
remove ozone {O a ) from the atmosphere and this mechanism occurs naturally in an unpolluted 
atmosphere. 

O, + NO -> NO, + 0 2 

NO + R0 2 -^NOj 4- other products 


+ Sunlight can break down nitrogen dioxide ( ND/l back into nitrogen oxide (NO) 
NO a + sunlight — * NO +■ O 


The atomic oxygen (O' formed in the above reaction then reacts with one of the abundant oxygen 
molecules (which makes up 20.94 % of the atmosphere) producing ozone (O a k 
O + O a — + Oj 

Nitrogen dioxide (NO*) cun also react with radicals produced from volatile organic compounds in a 
series of reactions to form toxic products such as peroxyacetyl nitrates l? 


N0 2 + R -4 products such as PAN 


It shoul be noted that ozone can be produced naturally rn an unpoffvted atmosphere However, it Is consumed 
by nitrogen oxide. The introduction of uofotlte organic compounds results in an alternative pathieay fat the 


rtwsen oxide. Although still rrierogen dioxide is formed bat ozone is no, consumed. Therefore ozone 
concentrations can be elevated to toxic i£yet$_ 
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Callage i htm*i*iry: Federal Board: P art ,',i 


Phot ochemicol sinmi 

It is a condition th vi devek p- u*h.en primary pollutants (oxides of nitrogen «ind volatile orgs. ■ . 

iTep-ted from fossil lud c-c -busiiur, interact under the influence of sunlight to prod uve mix: . s of 

different and ha«H dous .. k . Vs known as aecortdar y pollutants. 

lib- W'hflt £rre differs n f SOtlfrcs uiph.J niL'trfinnitrnJnJ effects of: 

[of Oxone 

Sources. It i- for tied iron’ photolysis of NO*. Sometimes formed from stratospheric azort.- imr ision, 
Eprironrncmtq J '■ It -• ■ i . : - i v -. following envirnnmenlal effects 

bronchial con- • a. coughing, Sneezing, respiratory irritation, eye irritation, decreased crop .;• A 
retards plant git : - . ■. damage- 1 ? pities, breaks down rubber. harsh odor 

!'b) Cnrbnn oxldtrs 

Sources: 

1 he sources of carbon oxides are: 

* I negm pi e; e co mb ustion of carbo n coni ain i rig fuel s. -CO ) 

* inco-nple'e combustion of agricultural of slush matter, (CO) 

During :.h ;t action in blast furnace {CO! 

Cigarette smoke (CO) 

Burning of fossil fuels produce C(X 
Cultivation of" Soil ,CO : ., 

Eruption of Volcanoes (COv) 

Re ; vo lion of living organism. (CCb) 


* 

* 


Enujronme.' / . ;V ■ ci±_ 

i he car - :: oxides have following environmental effects 
c Cans noxia Oxygen Starvation) result suffocation 

C'-'- '•’? '■ Teen house and Global Warming results climatic changes 

* Cau -A drain 

* Causes A .drain 

* Respiratory miration 

fe.J Sulphur oxlfia . 

Sources: 

The $ourt es -.Jphur oxides are: 

* Volcanic Liruption 

* Burnt of 011 & coal. 

* Sulphide Ores are roasted 

Enurromenrqj (Jfe. \ y : 

The sutp.xu- m;.. c have following environmental effects 

* Causes acid rain 

* Respiratory mi tat ion. 

* Ujss of green color in plants 

* Fading in color of Fabrics, leathers, paper and paints 

M for the development of photochemical sm 0 Q t what condition? are necesaarv? 

1 Fie following c or- itsons must occur to begin the chemical process of T >k r -wLi ■ , 

■ S it j ■,.] iq r, t ' process of pho toe hem ical sm eg development- 

* I be production of oxides of nitrogen (NO*), 

* 3 h; prod union of volatile organic compounds (VOCs). 

‘ Temperature > greater than 18 degrees Celsius 


gi+tt 
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4CIDMIN 


1 ‘Njt- (VI ot-M rain 



TfeepH of unpolluted rain utiier iU 5 n r>, ■ r , 

3 ritJ M u 'iter Jiin lfitf .iN J, Ss f j, 


f)itut .:■ ■ - Lv.ifi ■>. iJVivd li n in ij fiii 


JI. 


■v. ■ . V’ 


£xptartatfon 

We know that air contains SO MO v, : C 1 

fl) SO, present in air undpro ii. - n L \ ■. ■ •■■ v . .j .*,,■... . 

or moH&ire to lorm H SO. . ti! 

SOj + iijO -4 H 2 SO t 

(Z) NCV reacts avi th rainy ,<.a\-r or rr -■ ;*• l , . . , 

4N X + HP + 0,+ 4HNQ< 

2N0j + H.O Oi -> 2HN0, * Oj 
(3-) CO 2 reacts with rainy *xaicr or " ■ • 

COj + HiO -+ HjCOj 

(4) In some countries due to release ■ - HC . , • • • 

H^0 4 , HMOi.and H l CO. formed av -'"c-. .• •■ - ... •-, •■■.. ,■ ■ : ■■-..-w 

Aa far as H-.CO is concemod. it has no severe . ^ --/c. ■•.■•, ' . • ti-.inos 


a hu'h re .if is vs i th r.iinv vK nti’t 


i: . Mm 


Quick QuU-2 ftlj: Write dfuicn dt/fr'mit i !t oJ ,u ■ i r.ini ' 


r 


M PACTS OH EFFECTS 


fl] It makes the :-f i "v .'• ■■ 

f2> The yield of agricultural & .■ v- .. 
f3j HNO, acid ram giadu>i: . oats iirsv ' ■’ rv m - . ■ ■ 1 

(4f It fades the color of i.ibncs e o 
Causes extensive Leaf- drop in pi.vits 
(6j !t is very corrosive ,snd attacks sk ■ 

(7j Acidification of soil and rocks can liMih mesa's like Al If - ' 

bodies. Then these heavy mewls a: o eaten by In :ys > 

animals and birds which cat ihese fishes 
ffij It also damages steel, paint, plastic, cement, masonry work and sculptural i 


re . la s rnetab 


ii -.■ u' them into watei 
:-..:emus for Ihose 


QUICK QUIZ-2 


fj.) Who* is odd rain? 


The pH of unpolluted rain water is 5.6 i><- rc:n ■. m the "n iT »> i • ■■ 


. . ■ j 2 m;n 


\Ii) Writ* dflu-H different effect* of acid rain • 

Page 47 2 


(miLht out those acid present in rdjjji 

Th? acids are; HCl, H.SO.. HNO, and HjCOj Ho,...: ... «. ••• • 


Wlfc" Oiii >IM1I Hill**; AJ Hg. Pb and Ca and duchaige them into water bodies 

Acidification of soU and rocks can leach me tai j 



GREEN HOUSE 


The Win? up ■>/ earth < J"*^jj!l«n-| 1 OMe-effec|-. 

CO t Iflytr Jn the atmosphere Is 


wppififf of infrared radial Un r A ■^..■■h'csrd /icv i die earfft's StitJOCe fey 


Fr p l wt a W on u.,«o oas in the aimospbere at a he . tilt 

• There is a protective layer Qr fi al 
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ttVit ff' 
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■.:’=V’cd raciatic 


a. t “0*1 i’fcTif 


t lA 





I 


A K“ g ^ ;j“ r rv'i ■~ m p.: --, --- 

'A her sun.iqht cons;s::-q cr 
atmosphere --■£: - T 

earthi ; s usface 

On the other hand, the visible _ _ 

Since the intra rec. T&GiaTicns- ha-. e -tStrg trezi. me 
.h,e infrared raj, em Tec b\ me ever.: mm homes 
However the earth and ;j various obiecis become 
longer ‘wayefengrh 

The infra-red rac:anc-ns of lor : «- ••■ v - 

^ ‘ — 9 Zk ^ ■ i 

layer in me atm 05 p - . sts 

Tnu5, the presence of C0 2 :n the atmosphere doc 
earth ; surface lo go out. of the atmosphere 
«n other words, we can sa> that the lave: of CC. : u\> ir. me atmosphere traps aT stv inha-ied radiations 
coming irom the earth; surface These trapped ;r::a red re. . ? heat ' "e earths’ atmosphere Since the 
infra ret. rays coming from the earth cannot pass torortg. 1 '. the CC Tv. er. the temps rati; re of the e.v* ? 
raised. . his rise in the temperature is called Green House Effect 

i oe rise in the Temperature produced by the green -hot: se -ft rocS in the earth's atmosphere depends c: 
the amount of CO.- ga; present in the atmosphere 


mow OF THE TERM * GREEN HOUSE EFFECT”: 


* This effect is used in horticulture for the upbringing of green plants in a smalt house, whose wife 
roof are made ot glass-sheet. This is called green house. 

* The glass walls and glass roof or the house allow the short wavelength infrared radiations; ccm.vn.-.: r 
sunlight, to go into green-house freely. 

However, these do nor allow the long wavelength infrared radiations, reflected by t*v soi! plan* ■- : 
other contents of the green -house to go out 

l hese trapped infrared radiations rasse the temperature inside the green house 

* ^ ^ in ' emd iWPly ° f h ** * he tara »«* u " ii;sidG «* green house become, hige. 


Q ut(lk (itUWrhat If t he i fiipOrtan c e of g r ec/i h ouse effect? 



* ,hePre ” Me t^ahaospher-e. I, .s^c^, 

r; n *: ar *■" * ^ ^ ^ *"• 

surface and its atmosphere is increased '-<> .p.iere Hence the temperature of the e.iilr- 

K2’s:r b l ~ « -*• * - «— 

normal life. ° eS ' rCm ^ tnld P lal ^' Thus, we shall not be able to hws 






If the atmosphere contains loo much quantity of COj, the 


too much, This too much high temperature melts 
areas of the earth. 


Thu, due to excess quantity of CO, pmsent in't^pC- 

melts all the glacier, (snow-mountains) Hoods the lo*4' irl » 
It als o chang es the biological Activity of oceans and the patterns of cropping etc 


Thus the presence of the excess cf CO, in the atmosphere brings about climate changes. 






; 


ifjfCK QUIZ-2 


KCOi«*P«i^WF/or green house effect? If V cs the » how? 

•' y ^ ^ " r $- lK ' K ' n house li is because when sun rays ho - v: .! e -. irth. it emits ::ifra il\! 

r^LAtions t- onget wavelength. The iayei oi CO ;i gas in the atmosphere traps all the infra- red radiations 
^rTi.ng -■•-m t, v can .s sut ace. 3 bus, energy: of rays is trapped by CO l . Hence :he temperature oi die ear I • . 
itast’a which is called Green House Effect 

Whfli I* * the importance of green house effect? 

Pegs ^3 

Concentration ofCO z is responsible for ctlmais ebonies. Comment. 

Page -197 Exercise Q 2 (ix) 


JIOMOB1LE (POLLUTANTS AND CONVERTER i 


* In automobiles during incomplete combustion of petrol, smoke of efferent :.a : es comes out which 

pollute the atmosphere 

* The engine used in these motor vehicles are called internal combustion a; nan ■ h ; s because the petrol 
which is used as a fuel is burnt inside the engine and not separately . 

* The exhaust gases contains CO. NO. NO., un burnt carbon panicles, some lead compounds, some 
alcohol and acids, 

* All theses substances are poisonous and hence pollute air 


ODUCTION OF POLLUTANTS 


* Petrol is used as a fuel in automobile (car) engine. The main components of pelrol are hydrocarbons 
These hydrocarbons have general formula C B H J8 and hence are called octane-. 

* Petrol bums very fast in a car engine. Due to short time available :cr burning, incouip'.ete combustions of 
petrol takes place and some CO. unburnt carbon panicles. CCX. water vapors some alcohol and acids 

are produced. 

* CO and carbon particles are em kited into the air and thus air is polluted. 

* When petrol bums in a car engine, a very high temperature Is produced. 

* At this high temperature, N a and 0 2 present in ait of the engine combine togalht and 'em, NO and 
NQ Z . These gases also pollute the air. 

IWcbe Q3 (Hi)' How watdd you control a ir poffutiun? De scribe different methods. 


'mao L MEASURE: 



border to control the air pollution caused by hydrocarbons and CO etc the following methods are used. 


8ji adding lead t&tTQ&thyl PbfCjFTJj to petrol: 

i* ' Suppose a vehicle uses petrol as fuel. Petrol bums very fast in the vehicle (.-vine. mg, the rate of 
combustion of petrol is very high and hence the time taken by the petrol for ••• oombu .lion is ■, shod 
Due to this short time, the combustion of petrol is incomplete. 

* FblCiHO* is added to the petrol to slow down the rale of combustion of petrol, 

* PbfQH,^ provides more time to the petrol for its combustion and henna enabk • :i to burn non: 

completely, 

* Due to this the quantity of unburnt hydrocarbons and CO coming out of the no ■ v ith l vh • ■ 
is reduced and hence air pollution is also minim Lted . 

* PblQaHr)^ is oxidized to PbO which yets deposited on ihc spark plugs and ■ ! 

1 In order to prevent the deposition of PbO, suitable amount of ty ] t O, ■■ ■ C A 

’he petrol along with FbtCaHtU- 
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These halides convert PbO into PbQ* and PbBr a . Both o s . these art? volatile and hence come 1 - Jt 
■A-Lth The exhaust gases emitted by the vehicle engine, 

Pb{C 2 H s ) 1 + 0 2 + C 3 H,C1 2 + C 2 F f.Br, -> CO, + H 2 0 + PbCl 2 + PbBr a 

Although the addition of Pb(C;H a )j minimize the air pollution caused by un burnt hydrocarbons »n r 
the air gets polluted with dangerous PbCI 2 and PbBr a . 


(2) Catalytic oxidatfoniConverter: 

* The pollution of air caused by the exhaust gases of the vehicle's engine can also be reduced t, . rfJ 
® 9 a * device with the vehicle's engine. 

* In this device the exhaust gases can oe mixed with more air and then burnt completely in the p re ^ r 
platinum catalyst before they are discharged into the environment. 

* Hydrocarbons and CO are oxidized by Q of the air in presence of platinum catu yst 

4- 25G Z -> 16C0 2 18H 2 0 
2CO + 0 2 2C0 2 

I he disadvantage of this method is that the platinum catalyst gets poisoned be PbCI 2 and Pfep, 
are produced by the reaction between Pb:C.,H }., C.H.A and C ? H-3r 2 in the presence of CO 


QUICK QUIZ-3 


(I) What is the role of tetraethyl lead in minimizing the air pollution? 

LmbuZ 5 ThuJT' in *' 13i,,e ' ThUS tetras!hvl lead ' P’-’iWH,,',, is added to the petrol to* 
“™ bu f° n ; ,hu t 11 2 ,ue f more 'tme to the petrol for it; complete combustion Hence the c - J 


fn) Whir is intermnal combustion engine 

sirssrrr — * - — - - 


"XtjE 5 — «.=s= 


tl l , * engines. 

i he exhaust gases from automobile engines contains CO NO vn 

compounds, some alcohol and adds " ’ un-bur nt carbon particles. somf 


(h,) What go, I, produce^,.. to Ugh iempPra 7„ rc n/ en ~ 

At Lnl_5 Kinh t IWA M J r 




(a) What la drawback of lead tetruethvl uwA t T \ — — — — 

T etraethul |<? a H Ph/r u \ = , ^. oton * ro air PoHuifon, 


T^ethyl lead, Pb(C i H^, b 

In order to prevent the deposition of PbO sultahl LP ° bI ? ° n Spark plu 3 s and vaives ' 

petrol along with Pb(C 2 H,T °' iU " able p( Wl, and C a H.Br, are also added 
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£Hf # £3: En^llrunmFnJnJ CJi-Prhr.iJrj. 

CuJ/fijp- CfifmilsJr^.- Fe(fi;r(iJ tfoortf Part St 

human beinas" n ^ ^ U ^ '"' J °' Concentratior| mure than 0.1 ppm is toxic and harmful :o 

* Qj also attacks rubber products. 


* 

* 


- ■- - — - 

The uitkest layer of O, exists at a height of 23 km frorr. the surface of the earth. 

[{ ti- S resent in t,ii ; .dyer absorbs harmful 'a lira violet radiations comma from the sun. 

jGSre ra lanons reach the earth, they wilt cause skin cancer and will destroy ih-e organic molecu.es 
necessary for life. 

jhus. Oj does r ■ ;j i allow the ultra-violet radiations to reach the earth and thus saved from The harmful 
effects caused by these radiations. 

If 0 3 layer in the atmosphere disappears completely, then all the harmful ultra-violet radiations coming 
from the sun would reach the earth, fi would cause skin cancer sn men and animals and will also damage 
the plants. 

Hence. All the ,ife on earth would ihen gradually be destroyed. 


OURCES OF DESTRUCTiONtDESTRQYiNG THE OZONE LAYER PRESENT IN STRATOSPHERE 




In 1380 scientists showed that thcue is a hole in the O. layer. 

This hole was detected over the region of Antarctica- 

Due to the absence of Oj layer, the ultraviolet rays coming from the sun can pass through The hole and 
thus can reach the earths' surface. 

The ozone hole is due to the fact that the amount ot Oj present in stratosphere is getting reduced day by 
day. Thus, the ozone layer is becoming thinner and thinner. 

The depletion of the ozone layer is due to the following sources. 


fij Qjddcs o/ Nitrogen: 

* The oxides of nitrogen present in Ihe atmosphere decompose Oj into Gj and aie Themselves 
regenerated. 


NO + Q-s -4 NO j +- O s 


NO? + O H- NO + O s 


Thus, the presence of nitrogen oxides in the atmosphere destroys the ozone layer. 

These oxides destroy about 70% of O a found in the stratosphere, 

Greater is the amount of the oxides in the atmosphere greater is the percentage of G.j which is destroyed. 


i 2 ) Nuclear Tests: _ 

Nuclear tests being conducted in the world generate high temperature, 

At high temperature., atmospheric nitrogen is favorably oxioized to NO. 
NO thus formed destroys ozone 'layer, as shown above. 


! calling 


(3) l^d^fLom-cMoK) methanes te. Freoml iCFCl,) and F, eon-2 {CF t d t j 

Fluoro-d ^ oro ■ These ere chemically inert and hence do not react with the substances. 

^ ^ ^ »• “ <» - 

electronic components. K<- 0 rh ultraviolet solar radiations and get broken down into free alomic 

When they enter stratosphere, t V - 

ehtorine. This atomic chlorine decomposes O, .mo 0, U« NO 3a*. 


Cl + 0 3 Cl + O2 
CIO + 0 -* Cl + Oi 


i 


: 

'i 


il 0 
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^r.e Sirs: CFC substitutes :o be introduced -.(.ere HCFCs such as Cr'jCHC 2 and CHF/Ci o: ■;• 

. nese have fewer :h!orre atoms [Kan other CFCs 

HCrC$ break down mere read to* in the atmosphere than CFCs and thus are less iiker. ■; ■ 
stratosphere 

However, because [hey can cause some O a destruction, they are scheduled to be phasec ou: 20 : 

.-iuch bene: substitutes tor CFCs are hydrofluorocarbons These contain rto chiorine. 

:r.em CrjCH^F has. been, used successfully as a refrigerant and since 1994 has replaced Free- 
nearly ail car air conditioners. 

In electronic industries, soapy water followed by rinsing and air drying is now used instead of CrCs 
clean micro circuits. 

Cn fortunately, a serious problem :s associated with the long term use o: HFC. Like CFC and H ( IB ■ • 
contribute to cirri are change. 

1 ! . ow t vw " s “ rch “ are 9°‘ n S on to fend chemicals that we both effective refrigerant and env 

menclly. J 


QUICK QUIZ-4 


il) Own* acL 9 both useful as u.>etl as harmful. Justify the statement 

fe>mthe «"■ TH,, it save, the life from - 

X7^Xt“et n in -mWPhOT iS "* h-nfcL It censes respiraton, problem. 


(it) Enlist tlie possible alternatives to t/»c use u/CFCs 

The possible alternatives to the use of chlrofluorcarbons (CFC,) are 
Hvdrochiorof uorocarbnns (HCFCs): eg. CF.CHCI, and CHF.C 
Hydroflu orcarbons (HFCs), e, g . CF CH F iL - 


{ill) How Qj is decomposed Iiy oxides of nitrogen 

i he oxides of nitrogen present in the atmosphere decompo 


S'. Oj into O z and are themselves regenerated 


NOj + O a 
NO + On 


NO + Oj -> 

NOj + 0 ^ 

lv) How ozone is produced 

0, is produced in the upper part of the atmosphere bp the 

30 2 20, 


action of sunlight on O, 


Some U 4 is produced during various combustion 


processes taking place in she 
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J d t fffUlrwnfll^HIO-T ChvLmi\trx - 

df f ' EH! 

curtJofPlnolitin of uiater fjf tL ! " j 1 m 11 1 1 * * 

I^U Jj cabled water pollution ■ * ir - hir.h have adverse effects on human beings, animal and 

■ n. P-ccc jn ,„ e u , Q(er raafceJ „ M <ire caHed ^ 


VMS OF WATER POH.UTAWTQ 




These are of following types: 



J-'SP ENDED SOLID ANto SEDPMFiwrg ; 


*■ — ~ — =— — =r, ■ ■ mn ii rfl 

feo7s“ltj "" "°' COmpletdy solub,e in the war. 

(2) Live-stock waste 
0J Industrial wastes and 
14) Leather tanneries 


These wastes include: 


Quiz-5 fij; Briefly describe about otf spit {age as a source of water pollution and its effects on 
otraitment. 


ft OIL SPILLAGE: 


* Petroleum is a complex mixture of many compounds which are mainly hydrocarbons, 

■ It is transported from one place to another through sea, 

* The petroleum products are used as: 

(i) Fuel 

(H) Lubricants manufacture of petrochemicals 
(Iff) Plastics 

ffwj Electrical appliances 
fej Synthetic rubber 
(oi) Detergents 

* In order to prepare such a large varieties of substances, petroleum is handled on large scale in the world- 
So the oil spillage can take place and it creates serious problems. 


Ion of Water by Petroleum: 

Water gets polluted by: 

(t) accidental oil spills 

(it) leakage from cargo oil tankers in sea 

(til) tanker trucks 

puj pipelines leakage during offshore exploration 
fuj leakage of under ground storage tanks 




Spililpgt* and Animal Life: 

* Many petroleum products are poisonous and create serious health problems to: 

(l) Humans 
(it) Animals 
(itt) Aquatic life 

* Polycyclic hydrocarbons are carcinogenic even at very low conccnir.iiioiv 

* Marine animals are seriously affected by soluble aromatic ii actions of oil. 

* The spilled oil damages the feather of tile birds or far of annuls and sometime* causes their , e.rlh 


* 


tum and Under Water Pfanisf . , , 

■ When oil is spilled on the surface of sea then the Itght transition is affected I hus. tee pn>cv« o 

Photosynthesis of plants does not remain m uc h e f hcien 1 
Moreover the concentration of oxygen in valet i i 
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' 3i IMH'STHIAI WASTES 
Sourr s L *- 

^ I T . C ■' % _L l- * ' ' ' « r | '■ i ■. r | . i , . .... | -i 

' ' 4 : "idu>TT !. i?:ULLi>r^ :1!V l^ith^r. EonrtcriL-s fr-* 

rt-ine. It- 1 '* V'h '“ p, r b ■/. ■ ■ - . . . ; ■ -m 

, T ,. n , , '■ ■ W«. puip, paper board, robber products etc 

I i .ic w-asti? oroducts tu? . __ 

riidj <1154 j. ■'■*. 1 ' "c.i! smoke solid or water effluent. 


** q ^ UtW41 an? ht9hlv t0MC ori9ar " c c omposjnd 5 and heavy metals likt? Pb, Cd. C r .}J 

■ ,V qreiy^ Mmi'wf aa< k aic also jcJcmsc ,n quantities, 

^ m C0nian ’- ,na?iOr> of l " dler tind "»*« =■ unsuitable for irrigation and di 


a] industrial pollutants: 

■ JSCi'SSSSS E£SS“ “■ *“ 


£jtrrcJ 


se 


LEATHER TANNERIES: 


‘ ICa,he ’ ,annin9 UniB ^ ln SiS,: Their M ^ ftom ^ K ,J 


♦ ^." ^^ *7 + « oxida “ on ««• of chromium. 

. JSrjL^ “ id “ l0! ' «atc. Cr* s is precipitated as Cr(OH) 3 . ** *“ done by reducin 9 °4 


• fr * 1 I , , 13 PfcCipH 

L saJL, dr? highly toxic and cans? cancer 


fSSOLVEQ SOLtD 


These are wastes 'which ore dissolvpcii ^inhu " — — — 

(V Ofteisenb dsoluble IQ « 1 M « com pie, ei,,, These waSes'incTudl: 

( 2 ) Pesticides 

(3} Chcmit.-j! f^rTilLcmr^ 


(I) DETERGENTS: 


Oeterge,,^ are uscd , n homes erni industries for cuashinn 
At.er washing ihese detergents are thrown i. 9 ' 


he amount of defergenfs % T 

farther" '' l! ” S,SKn,S sws in, ° «d finally reaches fhe ocean- which is 

r iuns iike pt ' °* - h 3 and ^ it (rorn ^ 


■‘lit; 
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PEST ICIDES: 

Ipfo! pottekbs are both toxrc and pere . s . e .,, — 

* Analysis of pdlured water has shn- , n a- 

* Endrin is reported to be toxic for c fl Ki ". ^°™ ains pes,K ’ cies v - hlch icxx to fish. 

4 D.DT, affects the central nervous UstmT ^T" : , uane ; l€i o: ™ [f P^sent in traces 

degeneration in fish. y 13 h and lQ xaphene has been reported to cause bone 


J; CHEMtCAL FERTILIZERS: 

* Nitrate, phosphate salts are oeneralh -.-j : 

- - * *i - - 3 - UScd fertilizers. to increase the yield of she crops 

excess, some 03 :neir ur.used quantity is washed away from the 


•ib-.en ti iese fertilisers are used in 

^"V" laBdS ‘ rt0 ** iakes and ™er ■,. -h ^ water and rhus pollute the water. Thus water- * 


pollutea. Since it contains unused nitrate phosphate salts. 

' UJ ? V "^ e . " 0:r ‘ teni.i.vr .-du^rics also contains nitrogenous 'phosphatic 

.. .’ L f '"'' Aa£riec aua > in ^- the lakes and rive: -k ith ram w afei make the water polluted 

e presence n nitrogenous phosphatic fertilizer* in .urer ;s hamim. so the aquatic life and human 
beings m the following ways- 

fl) The presence of the fertilizers in tne polluted .=. iter me mas^s the growth of algae and other aquatic 
p arils. These later on undergo da comp; situ n and produce d i sag: -.v able odor. These plants also 

deplete the amount ot Q, dissolved in watei cV-d hence the survival of aquatic life becomes difficult 

or impossible 

fiJJ After a long period, the lakes and -.ow moving waters which coniains plant nutrients are converted 
into Swamps '.A suremp :.k :■ i . - - iv? ti'i'i .'.ji u . i ..: !J jj.'jr ls grou :?ig in a and marshes [A .marsh is an 

ores of iarid w/iidi k octy it'd anJ miiuVt. 

(HI) The wale? containing nitrate salt i-. not fit for dunking hy human being- Moreover, lhi> polluted 
water cannot be purified for dunking purposes. 


Bftrtlse Q3 (je): What i.v T/tt-rma? Pollution? Discuss its sources ornJ rrm iVcjrjrru-rja-jJ i - f, 1 , - 


THERMAL POLLUTION 


* Thermal pollution takes place because many electric generating companies use water in the process of 
cooling their generator This heated water is then released into the system form which it was drawn, 
causing a warming trend of the surface, water. 

* Thermal pollution results when ihe heated effluent if- released mio poorly flushed system. In these cases 
permanent temperature increase often result, which ter.d le decrease ihe solubility of dissolved oxygen. 
In lakes it also becomes possible to bring about nutrient redistributions and prolong summer stagnation 

periods. 

■ When heated water gets released into large, well-flushed marine systems there if little if any permanent 

temperature rise, 

* There are however problems related to the operation of plants utilizing marine water in the cooling 


process. 

Evidence reveals that sea water tends to corrode the cooling pipes, which are generally constructed of a 
copper nickel alloy termed Monel. These metals readily dissaved « t::« heated seawater end ere then 
released into the marine environment together with ihe heated effluent This aads to the nickel and 

copper concentrations of these systems. 

In addition the screens covert* *« <"“><• P*<* ^ ,oul '**' —■»? «■««• wh!ch 

decrease the flow ot water into the plan!. The screens have been commonly cleaned by using a 

conutenhated detergent solution ot copper sulfate. 1 hest cleaning iratettals have been then released into 

Ihe contaminated the surrounding weteni. 
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liaier trecfmem? Or.^ci;/ s different methocfv oj it.. 


: ANALYSISIPVRIFICAItON OF WATER 


Industrial wastewater -reatment covers the mechanisms and processes used r : c : 

°® ]ore lts please in Jo the environment or its re-use. 

°f| " T1 “ ,JSl '' es Produce some wet waste. Although recent trends in ‘he dew ^oec ■ . . 

5ul. , production or recycie $uch waste within the production process. 

D^H’-far, many industries remain dependent or. processes that produce water based waste srwa: 














Water Treatment Plant 


Knew? " "" 

ZZ hl rhe ™"* Mo * of Ih* r «! „ W 41 in \ 


w ^ Z , : 

Most Solids Can h* . 3 Q rem ove the corin' r^sn 

sludge/ *** *npb ^imen^on technics with ,l , , 

ttn the solids recovered as siui’V 

rtlf C 1 A hm r. r- a 


(B) OILS AND GREASES 

: as: SKt;- 

-—p. UJKS£S;Js « !° «* — - *. 

(C) SOFT ORGANICS ellmina, « 

water treatment Iln "” al 0 " 3m ,s usuall S' Possible to treat usill , 

• Problems can arise if the wasieu , ■ H Mended convention J w 

such as treat bfood or milk ^ with washing wator Dr , , w 

• The presence of clean™ h , a, eror, 5 highly corn, til 

treatment processes. ’ JSiri octants, p&stjcides, or antabiotitis can K 

s Ctl[1 nave detrimental imp* 1 * 
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Cw ^Jf CArmfafry. Friifitf UiX-vJ. Pari- 


tdj- hard ohgamcs 

+ Synthetic o , ryap.ic materiT.15 , . 

Cftrt be very difficult to treat -' ■-■■ P ai ».ts, pharmaceuticals, pcsiicicc*. coking products etc 

* Treatment methods are ffi : " 

adsoiption, nitrification * to l , he :ria[ ^ : ^ ;iein 9 ^ceJ Methods include distillation. 

n ’ lrtcltterail °n- chemical immobilization or landfill dispel 

(E) ACIDS AND ALKALIS 

! Neu^ato^r 5 ^ T Lly b ' n " U " ur ' d * conditions. 

also be toxic rt ' qLlt ' rit v pUjducG5L a precipitate that will require treatment as a solid residue that may 

In some cases, gasses may be evolved requiring treatment for the gas stream. 


(F) TOXIC MATERIALS 

Toxic materials including many organic on ate rials, me*a's such as .one. silver, cadmium, thallium etc.) 

i 5, a a ts non-metallic elements such as arsenic or ?e eniumj arc general!'* resistant to biological 
processes unless very dilute 

* Metals can often be precipitated out by changing :hr pH o: by treatment with other chemicals. 

Many, however, are resist ant to tnWivenl or min&ir. in and may requiTc concentration followed by land 
filling or recycling 


QUICK QUIZ-5: 


(I) Briefly describe «bou( off sprflage ns n source of UIDIit puffution and ifs effect* on [»pidroi:iW)l. 
Page 471 

(if) Enlist the diseases caused by live-stock. 

Bacteria are present in the livestock waste. These cause different diseases like- 
fa) Dysentery, (b) Typhoid, (cl Hepatitis 


(HI) How industrial wastes pollute water? 

The Industrial pollutants are highly toxic organic compounds and heavy meinls like Pb. Cd. Cn Hg, As. Sb 
etc, Oil greases, Mineral acids are also release in small quantities. 

These pollutants result in contamination of water and make it unsuitable for irrigation and drinking purposes. 


(7ii) Hotu chemicpte/ertflfzers polluted water? 



When Nitrate/ phosph ate fertilisers are used in excess, some of rheir quantity is washed away into ihe ponds, 
lakes and river with rain water and thus pollute the water. 

The waste water coining from the fertilizer industries also contains nitrogenous phosphatic fertilisers- When 
these are washed away into the lakes and river with rain water, they make the water polluted. 


(u) Haw solubility of oxygen In water is reduced by thermal pollution 

Thermal pollution occurs when the heated effluent is released Into poorly flushed system. In these cases 
permanent temperature increase may occur, which decreases the solubility of dissolved oxygen, 


fuij What is swamp? 

A swamp is an area of eery wet land with w.ld plants Stowing m it. 

water collects, 


It is generally a low- lying area where 
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l aHotia- Pa rameters of Water Analysis 

i'b i ht\p us to deiermirv {he u-iv ;^-v'. 

t Table Water- quality Indicators 

1 F 

Parc: n*ler 


b ij ,T ! r,:t 


Isrel 


Dissolved 

oxygen 


General indicator of 
&ater quality : sou 
cf 0 ; for respiration 


Mini mam accept able 

It'd. -:-5 rt 4 : i;:cr; I.'- 
15 mg liter for re pro- 

J . - ” - - - 

Lj _j % 


of tic? Table £sh 


Tota.3 

suspended 

solids 


C!og bib p. 's, b’jrv eggs, 
reduce i:eh: penetration, 
increase heat absorption 


Dependent on Icon. . 


Total 

dissolved 


Represents rota', mineral 
content which may or 
rcav net be toxic 


BOD 


A maximum of 403 mg' 
htcr for diverse fsb 
popubtior.s 


COD 


Amount of dissolved 
oxygen removed during 
decomposition oforga 
n-C matter in a given 
Eirr.t; a general indi- 
co tor of contamination 
due <o biodegradable 
organics 


BOD UVer Status 

1 mg, 'liter V'crv clean 

2 QJg/liter Clean 

j mg liter Kairij clean 
1 5 mg liter Doubtful 

10 mgyluerCojatiininalcd 


Indicate!; the concent ra- i 
tl “ r j cf materials oxjdi, \ 
7 .abJc by chemical reac- 
tion 


0-5 mg. liter indicates 
very clean streams 


P II 
Iron 


j Indicates the addition of . 

acids or basts 


Manganese 


P H depends on actual 
system 

I Excessive amounts can i a ma ■ 

dog a* s-ii, ; ind ^ *r-»-d 0.7 ms y 

drainage from iron- d,versc lish 

^‘"S ledlnc™ P pUla[,0ns 
| mmes. industrial pro ! * 

I cesses v 




Concentration ] 0w ; n 
natural systems due to I 
low solubility ; hmh - 
concentrations indicates 1 
contamination : 


\ m a^inum of i mpf 

liter es a cumuiou critV 
r!0n fcr stream qtl ^ 


H. 

\ 


A 


Ni 


Phc 


§1 


!’ J . ^ 

Th 

■Sl.JJ 


Gr 

eii- 


| % 
Gj ( 


s Pi 
by | 


L 
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Tabli 


EEFi 

(Confd.) 


CuIJr^i- t'Vn'nkJ^lry. Ffdf rol JffhnjvJ.- Pirl-lf 


Parameter 

Significance 

Level 

Copper 

Indicates drainage from I 
copper- bearing sedi- ! 

treat, mints, plating, or 
other industrial sources 

A maximum of 0.02’ 10 
mg /liter is a common 
criterion for stream 
quality 

Zinc 

Indicates mine drainage 
or industrial input 

A maximum of 1 mg/ 
liter is a common crite- 
rion for stream quality 

Hg, Cd, Pb, 
Hi, Cr> 

Ag, etc. 

Indicates industrial input 

A maximum of l mg/ 
liter is a common crite- 
rion for stream quality 

Nitrate 

A major plant nutrient ; 
in high-concentrations 
1 it can promote excessive 
plant growth ; major 
sources are fertilizers, 
sludge, and sewage 

A maximum of 0.3 mg I 
liter to prevent excessive 
fertilization of streams 

| 

Phosphate 

A major plant nutrient ; 
major sources arc de- 
tergents, fertilizer, sew- 
age 

A maximum of 0.0 3 -0.40 
mg/ljter to* 1 - 1 - inorganic 
phosphate i a common 
Criterion 


QUICK QUIZ-6 


flj Wfjal It green c/iemJsfry 


Tte'fes'gn oj chemical 'products and processes lho> reduce welimin oee rhe use and geoeroiion o/ hazardous 

substances fs cuffed green chemistry- 

Green chemi5tn/ emphasize the design and creation of chemicals that a* not hazantou* * P"* “ "» 

environment. 


lK} ®ve Importance of green cher p ts ^ , cretA \on 0 f chemicals that are not hazardous to people or the 

Green chem,S ^ eTT, .?t11fcctive in reducing the impact of chemicals on human health and the environment 

environment, lhus, it ts * _____ 

fWhor ft spinotad , f ent [ W a naturally occurring soil organism. It was registered 

Spinor is an hasfoltowiog 

bv the £PA as a reduced-^ «•*» q , ^ in 1h , w ™,» ra! . 
it does not leach, bioaccumulf . msec's unharmed. 

In fields. It left 70 to 90 percent o( bend “. ' and bil(!s It is slightly to- moderaie'iy toxic to aquatif 

It has a relatively low toxicity to niaT1 c 
organisms. However, it is- tox ^ 1n LIi ' lS ' 
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GREEN CHEMISTRV 



h<f ten 
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•nvtrofwnuFnt, 

■ ’ " - • rj: ' indv,*tna! a:vd consumer goods uickiding paints dye 
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wt fV GREEK C 1 1EM1 S fKY ^ 

G *** n *" ,wJuc,n a If* m)»fi oi thmuali on humjji hejiith and the etwrronms - J 

* ITZ-. ''' ' : rz *1 h Z ^ !h4 ' " ■* •'•• •^ «tf «« p»f„ahte to r-.ee, er ,v«r- 

* ^ " d ^ «« Motdng ^ these 

‘ 5U ' ^ ehm, “ v *“*» m, "*~ » W ^ * much Simpler and cheaper ways 

* Finally, green dentistry is a fundamental science-fahwd 

md«o:ar karei. it can he appi*d to al! kind, ** ptt * tam ° f ^ 

* SL2T ^ ^ ^ ^ m S - n d -™^. - bom academic research and ^ 


mi mi 

n 


iJnpl^iTi'fntaiion 

. For example SpinoMd an msecncde mawfaclured by lermenttnn a nM11 „ „ ., , nsr - 

registered by the EPA as a reduced-risk insecaede in 1997 ' 9 ^' V octumn 3 » J 

• Sprnosad does not leach, bioatcumulate coiatrii/e or note, a .k« „ , . •$' 

90 percent of beneficial insects unharmed t< has a relari' elu In- , > nv,I ° nn 'ent and in field te»B *■' . 
to moderately todc to aquatic organisms, but is toxic to be« unliU dm’° mammak and blrdS “** I 
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H' H hi» Is sj'fbthi'tJr ■’ fTu'i c n cy 

- cvrx-.t? cnoi:' k\\. moce^ ensures :hal rv maximum amount d sirring mart ?r is • .-- 

product so that no atom is wasted This is called Synthetic Efficiency or Atom Economy. 


(i f Glee MSI' t\i ■ i-iifii bile" Fi n'd blocks 

<:\k .v; c !a' -s: ■:■■.- v:e .i..is:e fron' oTct processes or products derived from m;:. euilurai 
^ ^ :n c..i:cren: p:c?ai«ioni whenever technical A or economically feasible 


Ewrcijse Q 3 l : W 


Grern Cfii’mj'sirj 


GREEN CHEMISTRY 



Th * desi &' of ch^m IcrtJ Hucii and pncfsjrt ifmt reduttt or eliminate t*e use and generation at h. 
substances Is colled tureen chemisfry. 


Uf6Vr ehfiir -* : '> cr --^ hosizes the -'^- ! 3 n ^ creation of chemicals that are not hazardous to p*re 
environment. 

.'. has beer, to a wide range oi Industrial and consumer goods, including paints .Ives v 

^ ctt ■' ■ etecnoncs. dry cleaning, mens, generation, and water purification 


WHY GREEN CHEMIST RY? 

• Green chemstr, is effective ta reducing the impact of chemical, on human health and theem-:.- rnSn 

• .‘ tan!, environmental laws and regulations saiget Iwardous cherni-il, ™,1 hi 

can be complicated. cnemicals. and following all these reqau 

But green chemistry allows companies to Comply with the law in much simpler and cheaper ways 

* finally green cheir.is&v is a fundamental science chased ann™rfc i a * 

modular level it can be applied to all kinds of environmental i<*L. tflG problcn ’ of ^ " ' 

‘ Sen-Stion " ™" V adVm “ S *" ■» *«'“•>'. - both academic research and 

* ! ’■• r exari f 5V - Spinoaad. an insecticide manufactured by fermentiuo •, n „ ■’ 

registered by the EPA as a reduced risk insecticide in 1 99 7 <!m ’ " 9 a natura % occurring so,! oigam* 

inosad does not leach, bioaccumulate. volatile or persist in the environment and in field two M 
percent oJ rc nehcia! insects unharmed It hac .* r^wu^.i ... aj1d Nt!J - 
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»$ percent of i-cne,^! and ■ •* 

to imder .veil, -vc to aquatic organisms, but a toxic to bees wHhtdrie^ ™ mnMls 8nd ^ 
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E^E CoMfge Chemii-tty. Federal Board; Part-!! 

|^ ^^ e 7 i 2 ) PRINCIPLE S o f G imEN CHBM ISTRY " 

f The a* 1 * 1 * 1 3 reen chemistry is to reduce chemical related impact on human health and virtually eliminate 
contamination of the environment through dedicated, sustainable prevention programs 

Creep chemistry searches for alternative, environmentally friendly reaction media and at the same lime 
strives to increase reaction rates and lower reaction temperatures. 

f Sigma- Aid rich is dedicated to providing alternative products designed with the health and safety' of its 
employees, customers, and the public in mind. 

, The green chemistry concept applies innovative scientific solutions to solve environmental issues posed in the 

laboratory. 

, Paul T. Ariostos, an Organic chemist working m the Office of Pollution Prevention and Toxins at the EiPA 
and John Ck Warner developed the Twelve Principles of Green Chemistry in 1991. 

i The twelve Principles focus on reducing 5 he volumes of chemicals used and pollution prevention. 

t These principles can, be grouped into "Reducing Risk and 'Mminmdng the Environmental 1 ootpiint. 



REDUCING RISK IN THE LABORATORY 
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This group includes four principles 
fl) Use Sa/er Cfiemlcets - Utilize performance chemicals that have the Lowest levels of ioxlcity. 

(2) Design Less Hazardous Synthesis Methods - Where feasible, make use O' synthetic or biosynthetic 
methods that pose Little or no toxicity to human health and the environment. 

,3) Ume Safer Solvents and Reaction Conditions - Search for the most up-to-date information on green 
solvents that will optimize your process and provide a safer working environment 

m Accident Prevention - Select substances that minimize the potent ■’ for explosions fires and cnemieal 

releases into the environment. 
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fjjl MINIMIZING the environmental footprint 

- This group includes eight principles 

m MinfmiMilo" ond Awrita - Develop chemical synthesis techniques, which .educe nr piwur.i 

waste !t is better to prevent waste than to clean it up alter Us creation, 
tou* „/ Catnip of StorcMometHc Qvnn.irles - Catalytic teac.iorrs inherently use smaller quantities 

of chemicals to cany out a specified transformation. 

rtl „ Ltt f rh^ioat Derivatives - The use of proteciing groups or other fenms of lempc:3ry 

’ mwlification ^ to the total -,e incurred in a synthetic route. 

« Synthetic «lc,ency M - An ^ ^ 

starting materials is used in the fin^ P 1 uc 

m T ^ g A,can.^ o/ ChenticCe ' **« ^ ^ “ 1C WW)SOnment ^ ^ 

chemicals that are designed lo be biod a j l f . 

r trots for Pollution Prevention - lo avoid the formatiuit el lie. . w, 

m ^ aWt ^ owrt ; °{ Jn r^tTnalvsis and in process monitoi ing during synthesis. 

substances, adopt real-time analyse 

^ , j w raw ma te rial s or renewable f eedstoc ks twasic l rom ot :'.e r P roc cs sc - c- . 

r? J Use of Renewable Feedstoc tr whenever technically or economically feasible 

ntf^n.tc frnm aqricultural streams; w 


_The reali^hon of the economical and environmental impact of energy use in 

courage Energy dwelopment of a , te niative means io reduce the impact 


<*JE„ 

a chemical process 
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Sources o/ rodtoccijif po/Iuefon and fts effects 


' l * c ^ ud: -s^s. radical: ,1 liquid wastes, radioactive gaseous wastes, and dusts 

i.- ■ : = , ; e r&Ctoacuve gaseous wastes are inhered into the upper layer ■ .r. 

r r ■“ J . . - ‘ 1 I ■ - 


- ^ LiwiM t - 1 ‘J’S- K- . Si- IrJ .....V.J .*■■=. lU h, L i . iZ ... 

*' e>« nite to oc: -•■: h- er; ccnceoje to fine dust particles and thus radioacih e cio-jd is tcunicd " ■ , 

" e; ••• e J - : ■■" s«n.es down. slowlv to the surface of the earth and thu< r- • - 

^ater ar,o i-o 

ft ** su ;ei produce energy which is so strong that the living cells are cPt - ■ 

destroyed 

(Hi) Tumor*. People v.-.v ng with radioactive elements develop tumors. 

■'tej Rodloeetlm Elements: ?.a . dioactive element like strontium 90 affects our soil. Through this homer v- 
^. ,d arumaj$ are -.■ o affected adverse! v. 

(e> ^" j c 'Ph^ tp, " i ' 0 " 1 ’ ' u:!ear “ plosions which are operated in sea make sea wafer polluted. Th.s »••«-,•;. - 

folj Gammer radiations: 

! T^? ''1 1"''' ''**'* ,a *« ton *- samrt:a radiations are the most dangerous, since they hat e 
energy and big penetrating power. 1 - ■ 

I h«e radianons car therefore, pass freely in the human body, where the ■ lose enenr T 

^ pa,Ss ; 

eneymes and even damage genes and chromosomes. “ ’ redoCeS ,fce elfectov ‘ f!t 

* All this result; in diseases like leakaemania and cancer 

^ """iT r^^rSaKre^ t Tt ^ ^ " ‘"dergo* nuclear 

laktng place in the nuclear reactor. These radiations can T p ™ ei5es llke mm ' n S and enrichment o: k .;■ 
healib of tbe human beings and animals ?a orri the reactor and therefore. daniMp.’ "'■ 


^■nfroTmegeures f< ^n^ imhelng 


Dittpowl of Nttr-ieur Waste 

edied nuckar J^ r0diICed ^ enf ^ent and fission of U-235 inside the rector are coik 

containers. These will he * 


Using catalytic Converters 

A «c confer removes pollutant gases from the exhaust bv oxidi^o , 

• T he exhaust gases pass through a converter m , - V 3 or ^cing (hem. 

pfatmum and rhodium. " 1,n3 a P reci ous metal catalyst, usually an 

« . Several reactions may take place 

* NO. and ( ,0 may take part in a redox reactinr, .„h; -k 

. NO, oxidws CO to CO., and is reduce to harmless ^ ^ ^ 
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C h n c_cfr ( J . . ■ 1 1 ■ / k r y . Fviiffiii J-l- ■ .- 1' . Pc SI 


.^1 fS; EprFro-nmenlal CAcmintry 

ZNO + 2CO -+ N 2 + 2C0 2 

* LO cind C,H S an? oxidized by Ah'; 

2CO + 0 2 -4 2CO z 

« 9 C 7 H, 6 4- UOj -4 7CO a -+ SHjO 

^ €S f . re * c ^° ns happen, it is necessary to use a three .'.ci . converter rind to have av. 


oxygen monitor fitted to the engine. 

* "^ 3 checks the quantity of oxygen going into the engine to make sure ihere is enough -o carry duf the 

oxidation reactions. 


* ^he overall result of passing exhaust gases through this kind of catalyst system is to coir ert CO. NO, and 
C.H, to relatively harmless N z , C0 ? and HuO. 

* The catalytic reactions do not stat working until the catalyst has reached a temperature of about 200 C 
so they are not effective until the engine has wanned up, 

* Catalyst systems of this type cost several hundred pounds. It is mainly due :u the high cost of the 
precious metal they contain. The catalyst is poisoned by lead, so unleaded fuel musl always be used 


catalyst suppoitec on a ceramic block 
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WATER POLLUTIO 


The m*. wo .«r from household « n d uMcut <•»<-«•> ■» - - '» 

l/SoMr-ce*' 

K comes *»m *•“» P^» in Estate ™ 

Waste water from manufactur 9 , if n . :i . chemical compou nd s How 


• BS2&3&~ 


Tnanv cases the r pollution 'r^cjrci (l0m dishwasher*. vs... ■ ' ■ 

• Incorrect plumbing could mean 
even toilets. 


even toilets. , , t ™ a i. and plant nutrienls thai u nd :■. ■ i ot 

* Other impurities includ “°^ ™ G food and ve**** wa5ll; ' I** 

* The main organic materials 

washing powders, etc. 'ipisconnected' pip-s an a i ■ 

* These flushed direclly m(o a local W , 

rivers and streams, especially ,n _“ ' into streams .lakes iiwi». bb! • ■ 

* Today, m any people dump 1G ' 9 pi^i ics ant I oil iei I it im 

becomes the final resting p ace ' our houses dean add 

* The various substances used for hcep».J ■ 

chemicals, 
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i * 2-3. ErKlrQTmtntAl CJ^mfifry 

i^pes of Drainage Systems 

Tuere £?e normally two forms of drainage - surface water and fou‘ water. 

j Surface w q ter drains, or ^ro K m drains 

These tarry rainwater from road surfaces and rooftops into I oca' rivers and streams and f:o'j, ; . 

untreated, 


C# 


II.l ZoUi 1 U-'G'er drains 

These carry waste water from toilets, sinks, baths and household appliances to the sewage treaimen: 
this water Ls treated before it can safely flow back into river and streams. . 


i 


Poflutfon fn America 


Americans generate 1.6 fniilJion tons of household hazardous waste per year. 

The average home can accumulate as much as 100 pounds of household hazardous waste ■ 
casement or garage and in storage closets When improperly disposed of, household hazardous.'.^ 
tan create a risk to people and the environment 

Paints, cleaners, oils, batteries, and pesticides are examples of just a few of the common 
hazardous wastes that need special disposal. 


Th* 




Effe* 


Eutrophication 

When fresh ujulq r is artificially supplemented with nutrients, if results in an abnormal increase in the m- 
of water plants. This is knou?n as eutrophication, 

The discharge of waste from industries, agriculture, and urban communities into water bodies genri 
stretches the biological capacities of aquatic systems. 

* Chemical run-off from fields also adds nutrients to water 

* Excess nutrients cause the water body to become choked with organic substances and organisms. 

hen organic matter exceeds the capacity of the micro-organisms in water that break down ant 
me organic matter, it encourages rapid growth of algae. 

■ When the algae die, their remains add to the organic wastes already in the water' eventually. Inc »* 
becomes deficient m oxygen. 

* ^tchTm^e (th05 V t T t a d0 n0t "?f 0XV3en 10 ll "> ,hen a,t ^ the Organic wastes. « » 

h ?, e *"? h ^°f n sul P hide These are harmful to the oxygen-requiring .**••• 
«orm$ of life. The result is a foul-smelling, waste-filled body of water y 4 

* ™ ‘'“'I** t e T a kx fl,Uent " ' he r ter causes °^Scn levels to drop drastically The sewage W 

covers the bed of the watercourse like a blanket. In mote severe cases the rive can no or cm rt* 
fish, insects and animals that live in and around the water. " ' 


Con 


Effects af Polluted Water 

* Polluted water is unsuitable for drinking, recreation, agriculture, and industry 

* It diminishes the aesthetic quality of lakes and rivers 

* More “riously, contaminated waler destroys aquatic life and reduces its reproductive ability 
. eventually, >t ,s a hazard to human health. Nobody can escape the effects of water pollution 

* EE Sr; sSmC* “ mav be " ,or decades ~ ^ 
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TlFf POLLUTfO 
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College Chcmitl/y: fV fatal Rtia rtf PurUJ 


fl* Source of Air Pollution: — — — — — — _ 

. The bisgest source of air polWion is auroreobfe 
, In past tnere was bull cart, donkey carts animals were used b- ■ 

« Now'-a<iays Aeroplane, cars hu-m- ,■ ^ 

for their working in the formal petrol oro-i/r'I'" 0re ^ seti ' 0! transportations. These vehicles need energy 
. The end product of [his himZ i prWlde enCT ^ for [T,ofion °< vehicle. 

oxides carbon monoxide Beibene'' ' 'Y 8 p ‘ us different aasses include hydrocarbons. Nitrogen 

pollute in when Zan breXn , Z 'll ' V ^ and >™ id - *** *** «*« into air L 
pain, bronchitis d, ceases ere ***** 8nV ™ r ’ t “ causes asthma, coughi9g nausea, chest 


Effects of Atr Po/J!uffo n 




it is estimated that usually 24000 deaths occur d 
Nervous System. 


ue to air pollution because pollution damage central 


Automobiles are responsible tor depletion of ozone in stratosphere sheet because of source of CFCs 
entering the atmosphere which is escape from vehicle air condition ACs 
Vehicles are responsible 
S for 80% pollution in metropolitan region, 

^ three fold increases in energy consumption for global wanning. It is because burning of fuel produces 


Control of Air Pollution 

0) Wous to jmgroue the impart of cars. 

Ways to improve impacts ol car like uses of small cars, dearer cars, eff icier: engme catalytic converters 
are compulsory and u$e of biocheral, The following measures may be helpful 

(pf Use of Fuel culls: it cause only water comes out as its exhaust electrical vehicle po.se problem 

because of range of batteries and seep, 

(b) Use of Hybrid electric petrol: ft cut down the Fuel wastage and effect the high energy fuel on 
board e.g. in Delhi they demolished the buses run on diesel 
fcj Restrict* the occurs to the cfrles or pan of cities 

e.g. Chester York, oxford have given free space for parking at the edge of town. 

(d) Improve htformation about road condition and public transport 

eg, Zwich zone referendum given the priority to tarns trolleys, buses, parking prohibits s 
50% of all the trips as by means of public transport 

fe> Polluter pay 

It Is another solution where the pollution emitted by the car is me.-isuied and the tkiver i> 
changed on the buses of level multiplies the distance travel. 


ftl) Technolooiy imorovemenJ^ 

«u.™i torhnrtlnoical innovations have been made form 1970 onwards to make more tovndk 

technology. Technologic^ improvements include. 

• Technological changes lo reduce cooling zone of engine wall and reduce hydrocarbon a- 

monoxide emission 

• Computer control at 1C engin e 

• Catalytic converter technology (CCT) emission 

• Trap oxkiize* ad ceramic filter an Diesel vehicles 

• Direct injection fuel efficient Diesel 


► 
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Oct'uriince 

^ ' 20 i .c , a \ k i i> found in the stratosphere approximately 10-50 kro above ihe ear? 

* "'olocuk’s. have three atoms of oxygen instead of the normal tow 

Advantage 

" Ci ' one ’ protects us from tire harmful effects of certain wave lengths -v . ■•■■ 
coming from the sun., socially UVR, 

* Any significant decrease in ozone in the atmosphere would result in an increase ■. 
reaching the earth surface. 

* Increase in levels at UVB radiation can result in the increase in skin cancer: suppress the imi 
eye disorder including catavart and effect plants, animals and plastic materia - 


Otortg depletion 


In 1985. scientists discovered that there is severe ozone depletion in the Amarc in 
confirmed by American Satellite observations. 

Chbrofluorocarbons (CFCsl were invented in 1928 found many used in foams. 
conditioners, solvent, five extinguishers etc. these CCs are long lied and the:: ■ - 
hote° Sphere and Caii5e 020116 depletion. This has been dramatically confirmed throng- ' 

The U ™ tect Natols ^onment Programme (UNEP; has been addressing the issue ' •• 

ayer 3LnC f 197 ' 1 3n 1981 UNEPs Governing Council set up a working ■ 

global framework conventions for protection of ozone Jayer. 

By reducing the use of CFCs we can protect ozone layer for saving the environment • 

19 3 T^ 0 °: 2 T CS * tht> deplei ^ ,h(i °' one la V€r was finally agree upon • 1 
138. and adopted by the Government in this protocol ozone depleting substances are - 


AJrgmntlufts lo oz*We-depleting halocnrbons 


HydroHuotocarbons (HFCs) and perfluorocarbons (PFCs) are alternative halocarbons 

S-sSr 1 loreplace ODS in “ - »— * .«*, 

°*" atterna, " es ! ° ODS ammonia, Carbon divide and hydrocarbon,. 


^Lt; t,0,ah ' P ^ ***■»«• 

■ The production of some ozone depleting substances (e g CFCs) h as 

‘ mtel0n te ^ uct ' on s o| ozone-depleting substances into Ibeatmlhte ***** 

• However, emrsions of other ODS (e.g. hydrochlo,ofluo,oca.W It trfr - n 
hydroBuo»ocaebon» [HFCs]) is expected to continue to innea^ |HUU|) ,Wd ODS 

* HFCs are C JDS refrigerants alternatives and their use is bermv , - 

. Although MFCs have no ozone-depletion potential (he , Jo h T? '******■ 

thousands of times more potent greenhouse gases lhan cartton dioxide. 9 ‘ <>b '’ 1 WWR,B9 «“ 


Regulation* that prevent or minimize ODS and other h \l 
“ of bwedng ern,*s,nns lha, destroy *» “ 
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^ p £3. BiiJroiiffl*iirtf Ch«mlitry , 

— ' ‘ — t u//r :fr ( F«drmi Bwd Ptirt tl 

W ovyw-dcpletlns substances still (Jn j nit)fJrt “ 

, " " M (yt} rlatl * e w icon nien £ of co ncem ? 


.... >u j — — 1 concern' 

Allhough the production and us* 0 f mwi1l nn c . 7 

antsskiiTS continues to be an important am 7 ‘ ^ ee:i p(! ‘ l ' Ci -'- 0ul However. the control or GDS 

Swpl»ic <uone layer aJSSESZS^ ',»? 11 ? *"“* -* ’ P— 

3pd climate change. nealtn nsfo and envronmmwl impacts, such as cataracts stir career 





| ^ are ^tural ways that you can puniy wa*, 

to avoid gettln^sick'*^ **' * ^ nect to P uri h' lh * water for drinking in order 

Though many people think purifying uu£er is difficult. Houeier. then- arc a number of simple 
means of purifying water that can easily hr used In nn emergency. 


• One of the men* common way* that wafer is purified h by passing it though sand and soil. 

• If contaminated water (say urine) is poured onto fine sand* the water is going lo travel down until .: 
reaches the saturation level . 


The other chemicals that are mixed wiih the water, though, will be held had by the sand until only the 

water is left. 


ft 


This method of water purification is used in many sewage treatment laciii-h-, a big part of separating 
water out of the waste that goes through the plani 


r>3 


Water can be boiled to make it more pure. 

Boiling water kills bacteria and Other germs in She water, which makes i! safe: to drink. 

Procedure 

S Water is pained into a sealed pot, with a tube leading out of it 
e' The water bums into steam, and ihe steam escapes through the tube. 

/ The tube transports the steam to another container, where the steam condenses back into water. 

■S This process can eliminate more contaminants from water iuch as salt.-, but at is also more 

complicated. 




Cloth filters can be used to help keep larger contaminants out of water. 

Procedure: 

f This process is very simple. 

•/ p 0U t the water through a doth, or through several layers of cloth. 

✓ The cloths' weave will strain the water and hold back impurities. 

/ This Is the same process that happens when a coffee filter :s used, except that Ihtr filter is paper rather 

lhar cloth. 

Paper can work as well. 




* The C0 ff M fUlerS or similar devices may be used instead of a clean cloth lo strain your water. 
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How ruin water seepage through hazardous waste dumpsltes con dissolve • 
drinking water supplies 

Hazardous waste : 




Qzcjdij^s LUflsjf? fs iuciste tlvit rs dangerous or potential!),/ harmful to our health nr the environment 
y^ rcJous ^^stes can be liquids, solids, gases, or stodges, 
hey can be discarded commercial products, tike cleaning fluids or pesticides, or the bv-urr H- ■ 

manufacturing processes. ' ' 

"o!l ' n ^ 0rtarit ^' $pose off hazardous waste carefully otherwise :t contaminate the air. water •■- 

Groundwater; 

.so™!? ‘T ° r U ' ater !mrn SUr}CCe UI<,Jer hodies - !ike !akes or stream h that soaks into the sc • ■ 
Oearock. It is stored underground in rhe tiny spaces between rocks and particles of sort 

Groundwater contaminants Come from two categories of sources: 

Point sources 

T.iese arc Landfills, leaking gasoline storage tanks, leaking septic tanks, and accidental spills. 


Non- point sourr .PJt 

Infiltration from farm land treated with, pesticides and fertilizers is an example of a non-point source 


greatest. “" d ** *** aqUlfer5 ‘ the P° ,ent '^ far widespread contamination is * 

t CadeS - * " “"taBround r, 

the time the, are 15 years oU ^ corrosi °" «>P to half of ta , 

substances huue ihe potent, : 

groundwater. This prpblem is particularly in I ?!i can contaminate i 000 000 lino 

groundwater. ,n many cases, ^ ^ 

consumers start tasting or smelling gasoline, 3 e aqui * er 15 contaminated, e g.. 

unsecured iandfflu 'tf rain surfwe wato wmesfnt !(6m hazardous wastes brad 

into toe ground, it can become pdluted andTan «* «*• ^V 

,0 W " S ° r SUrfaCe wa,eq "** « unsafe T drink° “ aToundwa!,?r 
' — " Sri a — S£^UlL@. contaminated wfren lin i|jd ha^nrHnur e i 

E.groynd water. SomTtali «*•= 


tettsiuhe Soil' or rorf. t l, c ,L^ SMii ' 

groundwater but remain pooled Jkn the^'w bedrock do mi * : - 

sources of groundwater contamination as the groundwater ft ' ( ?°° Cd substances can act as lo"i ■> 

contact wifh them. groundwater flows through the soil or rock and comes - 

Grounds contamination is extremely difficult sometime jtnpcssrbfe fn . 

Apart from chemical pollutants the major culprits are Bacteria and V ' L ° J ' Up 

commonly found waterborne diseases. nd Vl ^ ses which cause most o' : 

BacimmUiiSSMS, Gastro-ententis, Typhoid. Cholera, Paratyphoid Dusem 

P ° li0 - D >« ta * toiitis. Diarrhea and 
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JUj Environmental Cfcismbririi 


SEE 


Cn-rfrfjc ChemJitr'y: Federal Board. Part-it 


* Few compounds have CFCs combination of non-flammability, non -toxicity and inertness. For uses such 

as re rtgera loh an aerosols it is necessary to find compounds wit exactly the right boiling point 

• Ffydro/lirarti carbon (HFCs): 

Some of the important replacements for these uses are the hydrofluorocarbons, CFCs (also known as 
hydrofluorocarbon or HFCs.). An example i$ 1,1,1,2-telrafluoroethane, CH 3 CH ? F, which is used as a 

refrigerant. 

» HFC# are comparaJlueJy jvg/pj 

J HFCs have the advantage that they contain no Cl atoms, so they do not release damaging Cl radicals 

in the stratosphere. 

J Moreover, their molecules include C-H bonds, which are relatively reactive. It means that these 
compounds break down in the atmosphere more quickly than CFCs so they do not persist for so 

long. 
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Ctfj Environmental 


f ■ rj-rr,',,,- f tirmlMiy; fitmrd: Ptifi-il 



polluted 


(a) Toxic materials (b) HurW^w . , 

" ■ 5 Harmful gases ((d) M of above 


M>feb of following gas f, not pi>((tltiu ;, £ 

(a)S0 2 lb) CO (i^CO; 


(d) NO, 


IHHOmdet of sulfur and mirom . 

w Rss KTAdds 5" f“ ,afarm: A 


(d) Ail of above* 

/: < 

(d)Ci a 

\ 0 }) Ozone b destroy j 2 ~ — ■ ^ 3 °' 32km (d ■' 2G-30!rm 

(a) S0 2 


(toj OjtfdteJing siring consist® of * ' ,k ‘ y 5 

(lKn ^ ™ f CouceiitratJon o/; L- 

, WSp, (fLOww. (c) NO 

(v) Thickness of ozone b: 

(a) 20-25 kM (brSSlPR.™ 


tb> NO, 


(d) None of above 


m In lecher Indust ry L ^ 1 ® Ojorolhiomcwben s 

Mn} 4 ^^ is pBrtJjei- 115 ^" tbl t:tlronlillm !l[ " is USK| <<=> is used Id; Alu 

W rtgpU* !c) D,sinfeton M)A»o fsb0 w 

r I lb) Lithosphere I/, Atmosphere id) Hydrosphere 

M M thr ^>> teeter (he,, the dilation Is done due ,o the production? 

(a)_HQl — <jh) HOri (c)NOCl (d) HCIQ, 

fxi) Fe ro 0 ce tyinit rate (PAN)Js an frrtfanf fo human hefngs and it tfjfftrells 

,: t|L?yes_., (blears (c) stomach {df nose 

ixit) Fungicides are the pesticides which 

(a) control the growth of fungus (b) kill insects 


minum is used 


(c) kill plants 


(dl kill herbs 


ANSWERS TO MULTPLE CHOICE QUESTIONS 


lif Aus: £d) AH of above 


| Air is polluted by toxic materials like PAN, hydrocarbons and 
gases like SO a etc. 


COj is generally not considered as pollution as it i? .. ; 

by planls for photosynthesis. 


iii’l Ans: (b) Acids 


|lhis Ls the cause of acid r^in 
jTrw thickness of ozone tn stratosphere is 25-28 km 


£lvl Ans: (b) Ozone 


Ozone is present in oxidizing smog. It LS an OK.d’.*i:iy yv.jcr.: 


(vi) Ans: fc| CbloTofluorocarb-ons 


Ch 1 o i o fluorocarbons play mnjci ink’ in '. :e d^ir.u-: =••• ■■' | 
t>ZOJ\G layer. 


'ib Ans: (a) Chromium (Vll is used 


fuJli) Ans: Id) All of above 


■Chromium (VI) is used in ieFilhei indush 


]h! .ind IV) oil, 1 sVigo* ui in puriiicaiton 


fol Ana: (a) Biosphere 


(x) Ans: (b) HOC1 


ecosystem both living and. non-living environment is present, 
ft :t a a biosphere. 


HOCI dbcOiiijMises release aioiryc oxj^jvr. ■. 1 ' u • 

oxidizes [fie ■ -. I I ■>,! I : < r u ir ii.i 


Ans.- fat eyes 


(all) Ana: (a) control the 


PAN 


causes irritation Jn eyes 


C'lt'i'.Tiiixc ■rrrjpj 

Fungicide controls ihe growth of fungus 


^ are components o/ erjuiroiimoit^ 

(a) Atmosphere lb) Hpdmsphere 

„ (c) Lithosphere W) Biospliere 

' ^-Jly discuss the role of al nosphere tn our environment, 

Our abounding on earth is caller! atmosphere are very important h. • 
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CM * 23; Enpfroia&icnJal CJicmijuy JJE Chf^'^r. F*drr--'J ;., 

H These gases absorb harmful radw lions cosmic rays ard electromagnet rio:-:' ; 
life on earth Otherwise these rays are very harmful to living things on earth 

fb) N 2 is used by nitrogen fixing bacteria 
(c) 0 2 is necessary for breathing in animals 
idi CO, is necessary For photosynthesis in plants and 

(e) Water vapours are responsible for sustaining life or. earth. 

(jfi.) Enifst different Jay ers of our atmosphere. 

Atmosphere has been divided into four layers 

1 Troposphere 2 Stratosphere 3 Mesosphere 4. Fhermosphtra. 

| !l) What are sources of air pollution? 

Sources of air pollution are: 

(a) Nitrogen oxides NO and NO z 
fbj Oxides of sulphur (SjQy and 50," ■ 
fej Volatile organic compounds [VOCsj 
fd) Carbon monoxide fCOt 

fuf Wfrat are rht Important air pollutants? 

Important air pollutants are 
Jq> Nitrogen oxides 
lb) Sulpher oxides - 
f*=) Peroxyaceiy] nitrates 
fdj Peroxybenzol 
f«ji Volatile organic compounds 
if) Carbon monoxide s 



ftfJJ What are the sources of CO emission? Discuss Its effects. 

Source of CO — — — — 

y * Incomplete combustion of carbon containing fuels ICO} 

* Incomplete combustion of agricultural of slush matter, (CO) 
Durjofljhen^^ ) 

" Cigarette smoke JCOJ ■’ 


Effects 


(vif) 


Causes Anoxia (Oxygen Starvation) result suffocation 

. Causes Green house an d GlobalWaming results climatic chanqes , 

Causes Acid ram—- 1 - — 

* Causes Acid min 

* ^ BespifSfbry irritabob 

ar- 

a. Industrial smog (aJ' 8 0*) Primary md t^judary pollute- 

■ U ^_. t b^right conditions, fe^_smoke>tdGW dioxide produced fir™ 

CwitlrfSgjtp^reate industrial smog" - P ^ Cd fr0rn ^burning of coa. can - 

b* Photochemical smog 

sssirt - " — ? : 

**— - ***~ - 1— 1~ ^jarX T y *" 1 


Primary Pollutants 




z-rr* which d,rec>,v /rom *• «■*- « ^ 

V s of riifroge nand v ola tile organ ic ^ po^T iV^r created from fossil fuel combed" ^ 
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^ 4 £J: Efffflfrflnfmntflf ChemJtr^ 

Secondary PofJu fonts 

qre cof/ed prSmarv Pollutants bp chemical reactions in the atmosphere 

— j_gdd. #iLtro gen monoxide, carbonic acid, hydrofluoric acid, peroxy acetyl- nitrate (PAN) 

(M Haw does photochemical smag differ from reducing smog? 

otoc emica smog is a condition that develops when primofy^ttutopts (oxides of nitrogen anti volatile 
organic compounds created from fossil fuel combustion) interact under the influence of sunlight to produce a 
mix 0 3 0 liferent and hazardous chemicals known as secondary pollutants. While reducing 

smog i$ formed when smoke and sulphur dioxide produced from burning of coal combine with fog. 


(IxJ What Is global warming? _ . 

When sunlight consists bi _uj tr a v i o I e £ ra ys Jtfisibfe-li ghl. a i -i d infrared rays falls on -the top of tbe-atmosph e re 
,e . ^ ^ v 'toilets rays are absorbed by Oh layen and hence do not reach o_n the other hands) "the 

visible light andQnfrared rays pass through the CO, layei^and faDs on the earthu" Since The infrared 
radiations have heating effect they heat the earth and its objects. This is called global warming. 


(x) H 1 ft 0 1 ar& the Jot-Ciil predtctJons about global u-'ca 

* If the atmosphere contains ^foo much quantity of COy, green house effect is considerably 

increased, — 

■ Thus, due to excess quantity of CO, present in the atmosphere: the temperature of the earth is 
increased too much This too much high temperature melts all the glaciers {snow-mountains) floods 
the low-lying areas of the earth. 

* St also changes the biological Activity of oceans and the patterns of cropping etc 

fjd.1 ^ Wfiul gases ore responsible for green house effects? 

The gases are 

(a) CO, and CO i.b) Methane [c] CFCs id) Nitrogen oxides 




fxlJ) Briefly discuss effects of acid ruin. 

{D It makes thfc fakes so acidic th at th ey can no I o n ge r s u p po p fish life, ' 
flij The yield of Agri cultura l crops is a l so reduc ed-, 

(Aft HNO a acid rain gradually qfflsu p lime stone and marble of the buildings and corrodes metals, 
fluj ft fades the color offabr ics' fa’ g. -cotton, nylon and rayon), Leather and paper 
(v) Causes extensive leaf’ drop in plants, 
ftilji St is very corrosive and [attacks sk in.. , 

fulfj Acidification of soil and rocks can leach metals like Al, Hg. Pb and Ca and discharge them into 
water bodies, It also damages steel, paint, plastic, cement masonry work and sculptural materials. 

Tv\vV j| C V oi x 

frfNJ What are sources and environmental effects of? (a) VO Cs lb) FAN , 

Page 462 given in Table 1 -l ■ ' ^ 1 1 \ ' \ 

fxtojl tVftat ore effects of excess of CO t present In atmosphereK. ,,, C’ ...Av.xc V 

' [f the atmosphere contains too much quantity of CO,, the green house effect is considerably increased. 

* Thus, due to excess quantity of C0 2 present in the atmosphere; the temperature of the earth is increased 
too much, This too much high temperature melts all the glaciers (snow mountains) floods ihe lou yin.| 
areas of the earth, 

* [f also changes the biological Activity of oceans and Jhe patterns ol cropping etc. 


toj Discuss the sources and typical effects of SO* as pollutant. 

Page 462 giuerr rn Table 

Briefly discuss f/ie sources and typical effects of oxide* of nitrogen. 

Page 462 given In Table 
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■ * i::hd*v:£lct fALflidUOIto ir<iiv.|ng I I hr min J In r. il .y/< >r.< : i ■• r 

- Xv et «iv? v 


v ‘” ; MlVt * i* farmed in rtratiiHttht'rt':* 

:s r vpNI m tho upjVl 1MI1 or the iSlmOSjillCM' 1>U 1? r <u ho» of -M :m! ■ *}■ r , . 

- 3_O r > -+ 20j 

? j 15 produced during various combustion processes i.ikjnu place in the ■ 


^ U.hji do Jiou knoti? about 'Ozone hole*? 

'". discovered that there is Severn o/one depletion /■ . - ■ >-■ 

• x^of^orocairbons reach stratosphere and cause oaone depletfe This has been dr? n -v ■ , 

Einxigh Antarctic ozone hole. 


Ho«- ij aiane- layer depletlttg? 

: oxides cr nitrogen an the atmosphere inverts O s into O, 

NO ^ 0 3 — NO, - 0, ----- - -... 

NO -+■ O r NO, 

raoi-^a^r S * ner ® 1 * hi3h u ' m P™ , ' Jre ' Due to this the nitrogen is oxidized to NO ... 

<<l) dei(r ° 1 ' om ™ la ^ r b V decomposing 0 3 into O,. 

CIO ■*■ 0 3 -r CJ + 20-, 


V 


{xxi * IVbof are the effects of ozone layer depletion? 

L° ra 5 ,hm 811 *“ :« * , 

- «** h™,, rs in — = * 


(xxlfj iVbe* shouiti we. do to save ozone? 

Some new types o F su bonces should' be”d .^- -?T^^ 0in ° Nitons, their use should be bar-e: 
^ou!d not react with 0^ **™tt*& may be used as aerosol spray p:,,. 

Leaded petrol should be used in automobiles 


£ 


3 CK 


' 

I jf 


i e .' 


flL 




(vl 


(xxlti) 


i *- »/*»«« PoHu , ion? 

p/onjjis called uweJ-'pdttjBo,,' — wh ' d ' *** ad verse effects on hi lm n „ beings 

Sources of water pollution are 

* Oil spillage 


on - ’ 


ijll 



Live.5ifxlt waste 
h'dustrial waste 
Leather tanneries 
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, } tLcJ Water IS u nsuitable tor d rink j no - 

i?S*“ ******* qua i ity of liik s es a ;7 '°L a9ricullure ' *« wu. 


« d mi n ishe5 the ^ 

The cants minaled water 5 ’ d XVJ ^- 

The polluted water causes several f* ® nd T * dutes its ^Productive 
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H®« preliminary treatment «/»„„, malt!r rfone? 

!n Preliminary treatment most of the suspended particles 


Course CAemJ#tJ-y - Federal Board: Part- It 

Ate removed which are visible. 


to primary treat men! of waste water? 

Primaiv treatment involves the removal of sand panicles are other particles which are visible. 


is sccojiiiorj, 1 Ircajrnent of u;a$tc water? 
Secondary treatment involves: 

* Solids removal 

* Oils and greases 

* Soft organics 

* Hard organics 

* Acid and alkalis 

* Toxic materials 


jccclf^ How icould avoid from thermoi pollution? 

The companies use hot water in cooling their generators. When hot water is released in water bodies, it 
decreases the solubility of dissolved oxygen. Thus causes serious Jhieat 10 life in water. So, the 
companies should decrease the temperature of hot water before discharging into water bodies. 


?3r Give detailed answers for tbefotl owing questions. 


tj Describe d(jSfereiU chemical reacliurl MCUrrlnj in our atmosphere. 

Page 463 

flj Write a comprehensive note on acid rain 

Page 465 

\W)ffOw w-oirM jwu control air pollutbf)? Describe different methods. 

Page A 67 

fte) What Is Thermal Pollution? Df sens* its sources and environmental effects. 

Page 473 

fuj Whaf to waste water treatment? Discuss different methods of it. 

Page 474 

fit!) Write a note on Green C/iemtotry, 

Page 478 — * " 
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CV/fc'fl*- CJwm'sc.^ 


TEST YOUR SKILLS 


OBJ EC Til E 


M«**:S5 


! _b hi nitrogen hxiri.q bacteria 

i L _ .' 1 . . 


Time 20 Minutes 

Note: Over wntm$ r l-::,; . ku rv -; u :o*._ [ .- ,:: r 

Ql Circle the correct option i e Ati 1 i,D Each pjrf i-^rrir-H one mark 

•.■- N_ in atmosphere s-..jcd 

(a i by pi a n rs :or phc :c sy nr h e si 
Cc 1 for b rear h tng in an ima is 
ni An example of pi • ;? : ;■ rv pQ|Ju ^ r » - 

(a) Oxides of nitrogen fbl UCtlMile omanre r.^nniTirk ''■■ 

h; ^Oj; id both a & b 

- ,ii Oaone in atmosphe e cause 11 

: Hmiu~ h i n t constrict i ri-n ..... . , , .... , .. 

■lv. I Which of the foil- ... n y po 1 ■ ,=• > •■■■ d ra f n ? 

... ' i; 50 ' Nf> ” CO ' Idi All 

v i Which neavy tcm - -e .. ,\c'\ . : . .. .. 

... - ■'•■■ ?• ii-; r- Lt.,1 Al. Ha. Pb,. Ca 

[vjj J he? thickest layer ■ , t ^. ST :S ! e ~ x .- : -••■ ■ 

La) 23 km •■ ; j 2a- 

'vi. - Which of follovc no i a ? « not nosier ? 

■ « f |A/ ■ U . W_ 

K) C CL J. NO 


Marks !7 


: e Aa Hr- 

■ " ' Lj- j 

:: ’Jriace of the earth v ^ 


j- pw 

” " i-5 ' "* - 


(<j) 23 


• :i - Sn - ■ iri CCK N 

Ox.d;Z:r^ Sir. 1 Cl ■■:- >t of h. jh concentjation of i< 

L ' v ' : ' ! .h' bJJtvie ...; MO ' ^ c C 


e Cr wlrs -..ch have 

■ h!' +6 c +5 


ox 


■datror. state of G 


{mu) 

fal $0 

P 4 

(ixi- l .C'ti; he: indv<!nf 

.... r + •' c: +5 fd! +2 

Xi '. •• !j,ho '^ ‘ A^phc c H'.d: -...,. 

HC: ,bf «= -<■ iv d . ■, 

'xiil-VVa'.’r is pun::, - ~ c|N0CI W- HQO, 

• ■ 'a-j...a-:.:n (c) Disjnfeciion (di All 

- ■?• . Ot ti n<5C"?rf>rral .-A i ~ '. 


Ts 


Whic-of "■ vA iV; ‘ ar:on lc ^ Disinfectio 

ULJUi* ‘ r ^ 


SS 4 ...,. '^“"v *' »». 

; - 100 £000 |- cl rntiniHw Ltkes of groundwater ~K 

(kvi) Which of the foflowmo k » ■ *000000 (dj 10000 

via) j, 1>nJ ^;: ^ 
lXVLi - Which non - metaii-c elemen^L « ,J C (d • Paratyphoid 

!a i Arsenic -. v '■• ge-eralJy resistant to bioJogicaJ Droce^oc 

' ^ ,C ' n ’ u "» icl both a Rr K fd "' 3 UrJeSs Ver V diliite? 

(M) Time 2:35 Hour? 0> SURJErTli e 

Q2. Attempt an* FOURTEEN part, ^ ark ^47^ r St ' Ct ^ 8 *** C: 68 

V 

h Whatlssmog? ' pnma, V & secondaiy pollutenis? l°D 

' :tr -' ' Vhat aw sources of vo ..m (02 ^ 

w Which condi, ion , " 2 e «®mpoun(fc (VO&) a1m , . »1) 

* v'lffl ' Piiiv -iLLfi-t occur to t^soiri: ^ ^^osphcra^ 

■ £ s lands for ^ha.? ' the che ^l Proces, of photochLi , , . ( ° 3) 

( vjl v . } hrt - w acid rain? " a 1 LjJT3 °3 development? {03 

IU| ) What ai^ ditFo^ ..... f0 1 > 





{ 02 } 

(03) 


m) 
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\b) Enlist the possible alternatives ot the use of Q-'Cs 
(is) fa) Which discos are caused by live •r.UjcVP 
(b) What is swamp? 

(>;1 In} What is green Chemistry? 

lb) What is synthetic efficiency? 
l.?cL) Give principles of green chemistry. 
i,s.H) (a) How would you avoid from ihermai pollution? 

!b) Give two examples of fluaro - chlaro carbons? 

(xjii) What is secondary treatment of waste water? 

(b) What is primary treatment of water? 
jxiv) Briefly discuss the effect of water pollution, 
ixv) fa) What is global warming? 

(b) Which factors are playing major role in global warniing? 

(xvi) Discuss ihe sources St typical effects of oxides of S as pollutonl. 
{xvisKajWhat are the latest prediclions about global warming? 

fb) What gases are responsible for greenhouse effect? 
fxvlii) What are the effects of ozone layer depletion? 

(xixHo) What are the important air pollutants? 
fb) What should we do to save ozone? 


'CoJJVgr CAemriiry: Fr/tt-rpt Board. Port-If 

( 01 } 

11.5) 

{1.5) 

[ 02 ) 

( 01 ) 

( 03 ) 

( 02 ) 

( 01 ) 

( 15 ) 

( 1 . 5 ) 

( 03 ) 

11 . 5 ) 

11 . 5 ) 

■( 03 ) 

( 02 ) 

(01) 

( 03 ) 

(1 5 ) 

( 1 . 5 ) 


Section - C 


Note: 

1 M 
(b) 
[cl 

2. (a) 
(b) 
(0 

3. (a) 

(b) 

0 

(c) 


Attempt any TWO questions, All questions cany cgnal marks. \2 *13 = 26 ) 
What are the effects of acid ram? 

Is CO;, responsible for green house effect? If yes ihen blow r 
How we can control the air poliutLori caused by hydrocarbons & 


( 04 ) 
( 04 } 

( 05 ) 


What is radioactive pollution? What are sources of radioactive pollution & its effects? (05) 
What are control measures for minimising radioactive pollution? 

Write low salient principles of green chemistry. ' 

What are different treatments of industrial wastewater? | 

How following parameter help up to determine the quality of water 

BOD ii) COD 

What are suspended solid & sediments? How they are caused? 
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CHAPTER # 24 

analytical 

CHEMISTRY 
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An alytical Chemist rjT~ ~ . 

its components. ' ’ ' ' ' brnrlch °>' [ hemrstry that deals with separation and analysis of n somnle to 

Tk * . 


The separation it earned out before quality an d quantitative analysis. 


MC/frcfl L-'g Ciri-fi . 1 1 .' •g i c 

Q^iioe «, s proofs the identity of a substance (composition of chemical specs, 


O^mitQli^e aright 

Q^titatc ana , ys , s determings the amMnt q/ Mrf| componeo;s ^ ^ ^ ^ 


°/ .Annir.i^i-.-f ^b emrsfr^ 

in analytical chemistrv different wk ■ 

branCH fo ° d environmental U$6d br -««dW. The scop. , , 


ss 
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u.Kr. ■ >y | ?r*f»T « ra L y>M jij-i n^_^_ 

Ex eml,. Q3 (l± ^ ’ T ~ T '-fc lB 

^olecuL 

‘^ XKSSSSCSr "”' 

cafcor. tiKSoum. and oxygen tC.HoTcanb^d 'I** Contain QrJ . carton and tydioge., • 

"" p "“ - * c ». «■» 

Procedure; L i:om bllstton are separately colle&i: 

The i,e l ra *or this procedure are' 

‘ ^ t0 be ^ ^ 

* D — " 11 111 ,t,e apparatus sliown m the irattf 


n x . tr [ 

Bum the compound compknefu Th, i 

carters a n d hyd rooe r W C H. i ,, ? ° n y prtxJuc Is of [ he coni hn ■ < ■ 

• The H;..0 and CO, iire draivn thr^ T""' hjNjro 3 eri - and oxygen fcTl't V ^ Coirjp ° yr ' J<:1 ^at cvniaij’s ■ 
. u,!,°^ r “'"a" 15 » substance th^l' ^ h|b f 5 - 0| >® W>e coni*. TT'f. taA ? n diwide J::j «- ,J 


IJ* -her utnWnsa^XT^ ^ lubes. OneJ^T" ‘ bU 1 «rbott dta.de and , ,.v 
Wej a h each of these tubes lw )fl f ' bswrLs carbon dioxide ’ " a SUbstance absorbs u^e: ■ ' 
P- U> - temred ^ ^ , , 

* r r - ^ ^ ^ e “ ^ is fc - 

. ^ • CartMn in lhe hZ ikZTt? C( t and in the seemrd *>■ 

*at all of the hydmoe,. ■ „ ,bon 1,1 'he measured mass of C* 

Calcul m V™Srn itv the compound has h,-. 

of w&\PT ^ hydrotqen m thrr — bt£.n conveni+arf t-r Lj ■ 

he c ® m P°und fm m the !° ^ Happed in du- If*; 

0 hydrogen in the measured «** 
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Consider a substance- called h'.ux^r.i- f 0H : O •• u- • ■ ■- .1 readily tanning a 

farntafdehvde is 


v. ny 


mixture gf a Substance tailed trioxam- and a t- s ■ . j y 

dissolved in a solvent, like water, bcfc re .< ■■ ■ J u-.,- : 

The molecular formula oi trio xarv «. . . ■ a:" . .. . .• ivvimined using 

the data from Iwo different expei irrrenP 

(t) In the first experiment, 17 4“1 3 of moxarte is burned in the apparatus shown . . .md ID 477 3 HP 

and £563 2 g CO L are formed. 

fU) In the second experiment the mole-. uhtr maw of tnoxarn ,\iov:'d : , -v l > 

Cofculotkilif 

Wc can get the molecular formula of a compound from its empirical form .. 1 • mol .il 1 : mass, to get 

the empirical formula, mp need to determine the mass in grams of the com oxygen in 17 471 

g of triosanc. Thus, wc need !o perform these general Steps. 

* Determine the grams of carbon, hydrogen, and ox .gen h m r : •: -j *■•:■. •- i!i 

* Stcp4L Determine the empirical formula from the grams of carbon, :■ n -p'li. 

* Step-Slk Deiermsne the molecular formula front the empirical formula utd f - ) '■ -n molecular mass. 

Sfep-f 

•Since it is assumed that all the carbon in tnoxane has reacted 10 form CO So v.v •. 1 • of carbon in 17.471 
g trioxane is determined by calculating the mass of co _ on in 2 j 612 g - • 

_ co , f 1mplCQj_ :, f 1 “'*1 C [ J . 2011 gC * 6 9399 g C 

?gC= 25.612 gCOj ^ 440l0gCOji ^ molCOb/ l 1 mol C ! 

Since it is assumed that all the hydrogen in idoxane has reacted to :o:-n 1 1,0 O, the of hydrogen in 
17.471 3 tnoxane is determined by calculating the mass of hydrogen in 1 ) 47 7 g f f,J 

* . , ( 1 mol HP '■ f . f 1 1724 gH 

■ gH = 10-477 9 HP 0l5Jg Hp; 1.1 moi HP. 1 I 1 mol H 

c . rtn i LI carbon hydrogen, and oxygen, so the mass of oxygen i- determined h, 

Since, (iLOxane contains only caroon, s* 1 

Wbtaclintj the mas* of carbon and Hydrogen from the total mass of tnoraae. 

?g0 = 17.471 g iiloitane - 6.9899 g C • 1.1724 gH - 9.309 g O 




* It the compound contains 


L Vj f-J 1, |P J rj jf j‘ 


subtracting the mass of caibonTndh- A '■■■‘tT''’' the m.-« of (lie oxygen b, 

. [ft. this data to determine the empirJ^S mTcut ton 
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GHA6 drki.V 


^Pf>'.rr.Tf ue for C. t< mftusltr >n .'Ti f : , iJx 
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Step. If 




no * calcuJ ate the empirical formula 

? mol C r 6 QAqo _ n- 1 moi C ) 

* 1 1 2 . 0 1 1 g c" - ^-58196 ni Ql C ■ 0.5815 ' 1 mol C 

? mol H ~ i i 7 ?d n ini / 1 ni »IH \ 

9 (.ToOT&tThJ ^ 1031 ™ IH ’ °- 5S1& ^ rrror H 

? mol 0=9 309 n n- '' ^ owl O ', 

9 ° 1 15.9994 go j ’ 0&S 1 0 mo1 ° : 0 . 58 18=1 mol O 

Step- If i 

= 30.026 


n 


_ molecula r mass 90 079 
empirical formula mass 30.026 ” 3 


Molecular formula r H O 

&i‘(twback$: 

ts a *v ind * *** « 

- • ai ' ~ c — 


QUICK QUIZ-l 


^'onswiv. .n** of chemical specie, 

Hfliu ni Oat of tt \ " ' — 




"tun 

number ratio 

(J> - Gr — I l^^P'^fam ulau^w.^ 

> «* *w&«* oy ^ ----- ! d - 

"* cWrtl method I, ^* 

■3' 1 ”"- ^'^K-n and 0^3™ “*"°" 


11 limited to those otawie 
_ 9 * rilC compounds which 







getrostcp?; 

ytariasc^ Lie-: T* - .;- sr 

KtmjsciSj^e: 

.t spacrroscc'pc t or. ' i jru ■"£?:: 

if :■" 

*eory 


:" \ : •■ ■ 



Arc:' £ c^^zr' rac . as r s_zr as j 
tofex&l, shirks or. a chemical the chemical 

h ;’?TS'-%. " -■- — - 5= i u-u. . — _ _ . y . ' ~ :, .A 3 -. 

corr.™or;es- e&arrp:* L* cc.c: C.: .:r .? r :.:m 
- her, ch*r*.Lc*4 err,.,* or absorb ', .:-. z g : 
perozu'.a: freque-.cy The us., a par:, 
chemical! l rtieracu .a:'- rider.:- zar. :e .are 
moteads and strjororc 



| Ddferer.t kinds ty. rad. ado ^ inter*.:: u.:h : r cm ..-. - 
in dtfferem; ways as shown in the figure re: 

The effeos are gr- ers in the table 
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o/ Spectroscopy 
There are man^' ropes cf speotrOi^cp.- .-rr.or.g 
five types of spectroscopy are parzcvls:. - 

: chemists 

These are: infrared. irioavroleL visiole : rz.es: rr.sgr—e :_c » 

and mass spedroscopy 
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t ate ” c t' 


Effect e-n ^cl*oj,e 
tidies the eledaxM 
OfcrtM tix dcztrc ns 
pukes bonds Tb:^t? 
makes J*d£ailfi satite 


T jpd z ( spectroscopy 


Ldravu .et or : ■ it-ichiicc?. -*■ 
u .Pra i' : st. vi s ; t , :- spe ' ' • >cz p> s rt 
, 'hg-td SB^ctfoscipj :a:? ’ ■ 
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ED SPECTROSCOPY (IR) 


i ({Oil' I fTi '.ri;-' 


- ~ — • ’ ’ nnmrmrmrnnrrinmr-Ti . ~ . ~n 

-5 ...CiejJei absorb infrared fR • radiation which has a wavelength longer than 

e commonly us«d ER radiations nave range between about 25 CO nm and 25000 


Theory and /mportonce: 


l' S energy of the absorbed JR radiation makes the bonds vibrate as 

, °T !" the When the molecule absorbs the radiation the 
wods vibrate more energetically. 

bonds abeorb Oration of different frequencies. The 
bsorbec frequency is the characteristic of a particular bond Thus 

Carl be Used !0 ' der ' Bt V the bonds. and therefore, the 
mncrional groups in an organic molecule. 

! he effec ‘ of ,R radia,IOIls ° ( vib(at >™ hcl 

en4«^ c i The c radiati ° n - # Vibra,es more 

arvH th 1 f J ' rec t uent y of radiation absorbed is 7 21xlQ ]3 H2 

and th» frequency is characteristic of the H-CI bond. 




jn ^hpretnHorto/’ff? spectrum: 

■ TP&k..™ 9 ITS _ . . - ■ 


HI spectrum; — — — — — 



“ * , 3re Part ' C " Wly MPM f0t id -%-g ^teflon., I P o 

bonds pre«„ t . ” of U* peak is a charflctp ,,, , 

Most of the interesting o[ ' C ° *’' e bo,Kf not of the ta 

Penli ^ * nJm ^ (0U ' ld >n the re 9 iQn ®boue about 1500cm '. * 

sksssbs** — » 
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_|. TW aggglru'rn pf Purr; nno » l- JAcettingJ: 

The given spectrum is the !R spectrum of propanone (acetone}, CH ;3 CGQ I , 
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Propanone (Acetone) 


Fig. the infrared spetlJ'uiti of pfopomme 

The prppanone is a simple molecule cv-iih only three types of bond. How*. *• t ^‘^ttith 
competed, h is because each bond can vibrato in different vrays and the ttMoo. car, internet wtfh 

each other. 

The \K spectrum of pro-panone consists oS two characteristic peats 

c SSK^'^*tZ^ c «S Tl. - . — ™ — 

there are more H atoms in the molecule 


Fvnm.We 2 . 1 R pwctniw of EtfiortO* 



H 3 c — CHj-O—H 
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S-fr — C -C“ 0— H 

H H 


Ethanol 
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tow 15 ® 

wj|VE iMU rrtbfc f/c m "* 
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1 1 speerrurr, ./ «*«>“' CH a CH,Oll 
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- H £ - *■ 'JfJi' f n , is:-: n 




QUICK QUIZ-2 


Figure 24,Ssfrous spectriirrf t>/ elfrannf, CH;CH-QH, £ oot 
J" U^ai bwid gives rise to ihe peairjuii hefcJif iSfUMerri .' 

""••'s if due ro C -Fj 5 fr«k'hir;ij 

-ii) Wr'hta bond gives rise It> the peak at about 3400 v m ! ? 

Th;S :s ti:ie to O ~H stretd ;• g Labrador The b'-oad .:< :> a 


fit* sc !\, .:t tin ■ sport rum 





ULTRAVOILET AND VISIBLE SPECTROSCOPY (UV-Vis 


frjraflrtjm 

Whew electrons of a substance are excited by hooting or by art electrical discharge, then she substo - : 

radiations of Certain frequencies, h is called <rmi ss:on spectrum 

j he radiation rcay be m :rte ultraviolet region oi the ultraviolet region of ;ne spccti’un’f as well as the • 


Ex amp l es an d Theory : 

A hen sodium chloride is heated in a flame, it gr. es a yellow flame color. 


Consider meihylene blue an organic dye . When white light shines on methylene blue, some . ■ 
? nS m \" f dv ° 5 sr!o]c--cules become excited The electrons absorb certain frequencies o' Jiohr ■ . 

* n l ch *Tf rt,eir . en# ^' Tl * radiant belong to the red end of the spec™, If red'W 

It ul^ “ **? b f CWM “ bllJP T! » “ lw of blue con onlv be nl,T ' 

" l1mple oi * vis,ble ■*"»*“ “• *»« ■ ^ «,o„, 

LvtT/ 1! is not uis,bie bui « n te d “ b v ** ** 

Consider an aqueous solute of , Itanium fi b' Vhl Ch f™??. carl Se( “kmatton about the chemical 
I'TifHjOjJ 3 ’. and Cl (so; m A so'I S ^ u:^ Conr * in fhe octahedral complex oik. 

that the solution absorbs most effectively in the £ 0nt ^ e :s V3 ° let absorption specimen sheus 

violet radiations are absorbed less efficiently sn f ° W '’ ea '° n ° f the 5 Peauim figure. Red blue and 

* -he Ti , * i.it|) ion must be X ** ^ «■ ° W - «** * 





- i *■*•**••»■* • m -wi “ i** *. *•** *: " * '■■Mf' « r 

• « 4 » • <- ■*-*■ «»■«, 4 " 11 *— * •» •». •>**- % * •— *• ■ — ^ T_*r‘ l "V* 1 «, 

.- •• - •*»•* JI- - -"Kb->--v wn*. ■vw«>' 1-/7, ^ i if ‘ I J 1 

*- > •-> -*• *«*>* *5 -vikA.-* *VT»X- . i|aAi * »••» fit ■*: ? >-* 4 > ^ » *-+J » «•-■« V i *■ 

■ * ♦>— Vr n jjj|* jfr »i ■ t - < * ^ n. — r - -' * 
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py extfntning i the frequencies emitted, chemists can get in Formal ion about the , 1 J l-.r» 1 , r ,■ h |Miii( ulady qivc- 
Ration about conjugation and extent of conjugation in o substance 

Th® cm Lssio-n spectrum o* hydrogen gave chemists the fiu>t dues about the energy level of elrr iron in >m 

atom. 

Generally, higher the conjugation in a substance, higher will be the wavelength of light rh-sl will be of -.orbr/d 


^irnenlatton ond Gorkin q- 

Ln an ultraviolet- visible spectroscope, radiation consisting of a mixture of ultra inlet and visible frecjuerH it H is 
passed through a sample of a compound. 

ji A detector measures the frequencies of absorbed radiations an ! print-, nut an otplinn ;«•: irurn 

v The figure shows the ultra viol et'visLbie absorption spec burn of methyl' tv blue i in- /mil., axis vl u >w:> 

the wavelengths oE radiation absorbed, in nanometers (nm The veitu al «ixi . flows if ah-.mliaiir l- 

i.e,„ how strongly it is absorbed. 

The ultraviolet/visible spectrum of an organic compounds is chiiTat terivtic of tfiai ( ■ ti qioui c l 
The compound can be identified by comparing s’i spectrum with tin 1 spu ra ol known t r impound 


the apprOKLmrtt.1- vy.ivrti-rxr 1 ' ut visible 
Tjdi.it ion oF differr-nt ■ oIoiptv 


Colour 


Appro* i m.ilr- 
wavelength/ urn 


[infrared] 
red 

orange 
yellow 
green 

blue -green 

blue 
indigo 
violet 
[ultraviolet] 


/no 

620 /on 

600 


■jilO 600 


5?0 5 B 0 
4 P 0 620 
440 4 no 
420 440 
400 420 
i]<‘luw 400 
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NUCLEAR MAGNETIC RESONANCE ( NMR ) 


Theory 


'ATwi certain atoms a--c p aced :r a strong "jig-vt:: : -v ' v ■ " --' - LV ’- : 
they si.gr them selves wi;n :r.e r.e.d Elictrcr.* a! so :v.i- c -.«■ * ■ - 

possess spin, arc an-. sprrvr.g charge " :\s an o.ssoc a:ec 'v^-v: ; ' t a 
The electrons with oppose sp-- pet.r up tc<;« 'he: 5 " . 1 : - w p -V 's a v -c. 
nucleus Hence :: a nucleus ha? ever r a nker c: motccs ac rcur vv 
cat end it has no overall magnetic filed B.u .- •; - e ' ..m re: c: p a v< a _ d ’c..::o 
a magnetic field 

If ihe substance is r.c.% pieced in an external macrerc r.eld r v ruc.ear map- a 
jus: as a compass need. a l.ne ap a a :r acne tic i-eid as sne-^n •• - e ■ L - 
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^Sgh e^rfy al’jTTenc .. 


rigure- Alignment of a compass r.eed 


• 5 J 0 ' . ‘ 0 L lJ E “IS to f.-; - . 


e in a maynefcc field. 


Fhe nuclear magnet can have two alignment of low hhh 

raa ^« can *» biased from low enjgy to tfj L h ;Pdp m£r3y * shovvn i:l ^ 
spin flipping. - rJ9 " 8 '^ r S> alignment by Supplying energv I'h i 
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■ i/mirtkal Ou-miSTry _ 

1 SE 

. The exact frequency of energy depends on ,h„ '' **" " a 

nuclei and electron in its neighborhood ^''onment of the nucleus i e .t depends 

i Hence, when a sample ts oWer* i 

different frequencies of radiation Th-V^i m ‘ 1Snel . lc f|led ' dir ^ ren[ proton . in a moiec.'j:e abvsrb 
spectroscopy. ri3C l l,le ^ called nuclear magnet ; r : rpsoriiancE? NMR 

NMR VMwmSufd^ NWR iper,rn ” ! «**»> ™ntain «gn»te of different protons tn 

1 S,Ufl Vt,lues ™ preset on K« and .ntensity of absorption on Y axis 
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Figyra:. A simplified NMR spectrometer. The sample is dissolved in a solvent such as or CCl. which does not hav# 

nuclear ma-gpelic properties 


IMPORTANCE OF NMR __ 

* The technique of NMR is particularly useful for identifying the number and type of hydrogen atoms -."H 

in a molecule. 

* It is also used to find the position of carbon atoms. The common isolope of carbon, “C docs noi have a 
nuclear magnet but natural carbons contains 1% of the 1;, C isotope which does show magnetic behavior 

and can be identified using NMR. 


Exercise Q3 flu): What Ji me'ernt by the term chemical shift of a particular proton in NMR speciroseopy? Alt to 
dram che splitting pattern of protons Tn NMR spectrum of ethyl alcohol ~i rrrg. 1 iji Vt?hnr ?ll’ L uiirip.'i? 2 hdou-; . 


CHEMICAL SHIFT 


The separation of a signal in NMR spectrum from c reference point is called chemical shift 


If is denoted by 6. 



• The H atoms in a particular type of environment have similar positions in the NMR spectrum No.in.xb 
this position is measured as a chemical shift, form a fixed reference |><rint. -|Tie reference point nomuilk 
used U the absorption of a substance known as IMS. The chemicals shift of! MS is set nr zero. 

* IMS Stands for tetramethylsilane, SifCH 3 )„, This non-loxic and uncreative substance i* chosen * flu' 
NMR reference because its protons give a single peak that is well separated from the peak found „i the 

NMR spectra of most organic compounds. 

The following table gives the chemical shifts for some common proton environments. 
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CH i 24: A nflfjtkd Chtminr\ 


f'ttiifft? f hfniUtf, f ■ lit - id f{ 


'■■i; i 

■ " 


T^i pc of proto n 
R-CHj 


Chemical shift, M' n regw" of 

0.9 

U 


R 


J, 


r_CK-R 

— C— CHj— 


2.0 

U 


— 0— CHj 

-D-CHj-R 


-0— N 


0"" 


3.6 

4.0 

5.0 
7.5 


-t=a 


9.5 


L 


I 


-C=0 
■H 


11.0 


Intensity of Absorption 

In NMR spectrum, the intensity of absorption un Y-axis gives the number of nuclei present in a 53^'- 
environment The relative ratio of area under each peak is measured by an integrator present .n 
spectrometer. 




INTERPRETATION OF NMR SPECTRUM 


Example J; 

* Consider the NMR spectrum of ethylbenzene as shown in the figrure 
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Fiyuit. Tlw prolan NMR specirum of ethylbenzine, CjH^CHaCHj 
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CH * 14: Analytical Chemistry 

C , * l M „ I , CoiSrjif ( Jr-. minry : Frfaai p,„ ( j f 

p Each peak corresponds to hi ™ a j-« , , 

to : he ™ mber ° f ™ 5 a[ea ,,ndw -* ^ ,s 

. The l~ Q nri Z f A >rreSPOndS *° the 5 H atoms in QH 5 , the benzene ring. 

The second ,argest (C) corresponds to the 3 H atoms in the -CH . group 

. Tne third peak (Bj corresponds to the 2 H atoms in the CH . group 


Exompfe 2 ; 

p The following figure shows a simplified proton NMR spectnjm for ethanol, CH,CJ I,. OH 

as Sen simplified by removing some of the desail, so the peaks appear single, 
p The peak for TMS is also present. 

Tne in.egrated uace is also shown which gives the relative areas under each of the peaks. 



Figure: A simplified proton NMR specimen for ethanol. CH,Ci 1 2 0R Ti re migrated trace shows that areas under ihe peaks 

ar'C in thfi raliQ 1:2:3 


From the table of chemical shift values, the spectrum of ethanol can be interpreted as 
■ yhe largest peak (3) corresponds to the 3 H atoms in -CH .... 

* The second largest peak (2) corresponds to tire 2 H atoms in the -CH, group 

* The third peak ( 1) corresponds to the 1 H atoms in ihe -OH group. 


QUICK QUIZ-3 


<v 


Cc ofthr. ‘n flu",? <NMII *p«Win, «/ «(.«..<* 


Approximate 
chemical shift values 
{wrlrJifis) 

Mature of proitm 

About 5 4 

Hydroxyl protoirs (OH } 

Abuul3,5 

Melhylanc protons tCn a J_ 
— -“r’TTT'ti i 

About 1.3 — 

Methyl protons (Cn 3 l 





f - fi n ± 4 - inahTu al i'hfmiitn 




(Hi Explain if ur rtiatiue areas cruder the pe nit* 

The ratio of relative height of integrated trace in the MM K spectrum is 

Peak(l) : Pet* ( 2 ) r Peak 0 } 

5:2:3 

Thus, 

* Feak (1) corresponds to ore proton I, doe to OH,! 

+ Peak (2\ corresponds to two protons i.due to CH z i 

* Peak (3) corresponds to three protons -flue to CH * \ 


SPIN-SPIN COUPLING: 

M NMR fhe mognefic interaction of neighboring nudd with each other is called spin-spin coupling. 

fn NMfi, the spotting of signal of a particular nucleus due to spin -spin coup/mg uirth neighboring nude . 
caffed spin- spin splitting. 

Consider the simplified NMK spectrum of ethanol as shown below. 



It shows three single peaks. 

The smallest peak corresponds to the single OH proton 
* ^ l,<Jdlc P“ k corresponds to the two CH 2 protons 
The largest peak corresponds to the three CH 3 protons. 

A detailed high-resolution spectrum of ethanol a 

number of subsidiary peaks as shown in the figure hlT* ** CHf and Cl ^ ™ >n fact split into ■ 
protons or neighboring carbon atoms. b ' Th “ splilt ' n S ,s “used bp spin spin couplint) W* 
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Figure A dn-M led h'i ;;i\- resign nr: NMR ■■ v ctm m for cd\i:uil 


Explanation of spin-spin coupling 

* One of the carbon atoms in ethanol h,v two proior.s on -i Cl ■; The other has three protons oji :• iCHj) 
Consider CH> protons which acl like 1/,ny n telnets LVhen :'v exteir^al magnetic field is applied, these three 
tiny magnets can arrange themselves in four different wavs 

(I) All three aligned with the magnetic field 
f|f> AH three aligned against the magnetic iU::d 
(fff) Two aligned with the field and one aligned against it 
ffi?J On aligned with the field and two aligned against it. 

Each of these four arrangements gives a slightly different overall man; eiir held So. each different field interacts 
with the neighboring CHj protons slightly differently, 

Thus, these CM- protons give four different peaks very dost to one another, i hese peaks are called a quartet 

* Similarly the two protons on the CH, group can arrange themselves differently in the externa, magnetic held. 
This time there are three different arrangements 

it) All two aligned with the magnetic field ^ 

PO Alt two aligned against the magnetic field 
f ml One aligned with the field and one aligned against it 

- - - 

triplet. 


Gei Tijtawto -« P«*«* *» ■— "’ e pr0tOnS ° '«*** ni * eVP * in, ° + 1 ' P “ kS 

■ Hence, a high-resolution spec™ «* be Ln.e^eted as 

derail pea* to identify the W* causi " 9 ,he 

;o find the rrnmbei 
. u* ftie n+Trnle above to gel informaiioo 


i 


Use the position of each j” th» number of each type of proton 

Use the integrated trace to fir a f ^ abou[ |he RLim ber of protons on neighb umg groups- 
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QUICK QUIZ-4 


\ 1 ) li’Jiir/j type of nut tens has magnetic filed 

If a nucleus ha - .in ^vi-n number protons and neutrons, them magnetic fields cancel 1 • 

ovsial! magneric filed But .1 the number of pry tons and neutron is odd then the nucleus has f! - 


(2) What happmts when a rno^jieffc nucleus fs placed in magnetic fifed 

I- a magnetic n\. ! i pJa-.-et; in m external magnetic field, the nudear magnets line up >,rr. :.■■? - 
nuclear magnet rcr -;sve Ho (■ihonments. 


•-* ■ ts i JII l A.LJ 

nuclear magnet r .•• ••.•we two alignments. 

* One is of . 0 .- ur.crgy. which is along the external magnet field and 
^Jtlmr is of high eneigy, which is against the external magnetic field 


f3^ What Is nucfear magnetic n-sonoucu spectroscopy 

ft IS an analytical technique used to find the nature of nuclei having magnetic moment le g protom 
presence of externa! magnetic field j . 

of "r' ai Oh' 1 h T masr !f C momen ‘ <;m trtke u? two orientations in external magnetic field - 

stw cm rr * to V ^ 

^ “ * - — -xraasu 


W Whet r#i/ urmfl ( /, w ^ 0 i> ( „i, , <><j f rom NM # spectrum ‘ " ~ ~ — 

r™ STdttf T ^ P«* S .ve »» information. 

The intensity of abMjtfonZV^b*^^ 

H r «enr m a particular environ merit 

7t information ,- a ra kr~i ■ t ' _ . ; ■ ~ — — * — — 


— __ — il m j a pamcuiar enuir-oj 


r«> What is NMR reference? — 

In HMR spectrum, the position of a particular hut ■ 

I!!! P° i[11 normally used j, ® a , ChemiCal shift form a fixed refer. 

OMS). The chemicals ehtft of TMS reference is set ate^T “ substanCL ’ as Tetramethybt 


(?) Win spflrtJng of peeks uecur ______ 

In NMR, the spfifting of signal of a particular nurfc a 

UtteTj' , - SPin tUS 10 mUpfl "S Mh neighboring •••_ 

atoms may have diflferent ma^fc h ftdd^ ma3nettC ™™an( in a molecule The m 

interacts u/i(h a particular nucleus slicin' • li* *° ,,nii ' da fn«W align men rs ' c p lellr nudel on : ' 

nucleus slightly djffe r e n ,| y Thus , So. each neighboring .fib. : 

— ' .igna! of a particular nucleus is split up 


Exercise Q 3 , . 

prlwclple of Atomic ^hsorpiferTs ~ “ 


ft 


h ^omic emissirj ' =-. .. 

*™ — ■ - 'ttBSS’S S =st 
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pHncfple 

TI-l sojrc ^ va POrizes the sample and causes, electronic excitation of elementary particles In the gas. Excited 
rtiolecues ir- c gas phase emit band spectra. Thus, a molecule m an excited state of energy, £ £ undergoes a 
transition to a state of lower energy E, and a photon of energy hu is emitted where 


E s - E s = Jru 

In each electronic state a molecule may exist in a number of vibrational and rotational states of different 
energies. 


Advantages o/ Emfssfon Spectroscopy 

Emission method is extremely important in analysis 

(1) This technique is highly specific 

(2) This method is extremely sensitive. With this technique all metallic elements can be detected even if they are 
present in very low concentration. 

(3) Even metalloids have been identified by this technique. 

(4) This analysis can be performed either in solid or liquid state with almost equal convenience. 

{5) This technique requires minimum sample preparation as a sample can be directly introduced into the spark. 

(6) The technique provides results very rapidly. If automated, time required is just 30 sec to one minute. 

(7) This method has been used for a wide variety of samples like metals, alloys, paints, geological specimen, 
environmental and biological samples. 


Disadvantage o/ Emission Spectroscopy 

(1) The equipment is costly and wide experience is required for its successful handling and interpretation ot 

spectra. 

(2) Recording is done on a photographic plflte which takes some lime » develop, print and interpret the results, 
f3) Radiation intensities are not always be reproducible. 

(4) Relative error exceeds 1 to 2 %. 

The accuracy and precision are not high. 



SSr.,-~n *• 

V Pb Ri, P and Mo in iron and steel m metallurgical processes. 

«> Mor* of Zn Cu. Pb. Ah Mg and s „ WJ Qn |f , hc concent[ation of me, a, in 

® use. H indicates and .-need ,0. engine overhaul. 

i fn^ V Ni Fe the presence of which makes fuel y. or 

(4, In pet^leum ^ beenanjdyK() for several elements inciudrng K. Na. Ca, Zn. Ni. Fe 

(5) Solid sampled and animal tissu . 

" d “* e,C ' ■ „ has been used to detect 40 elements nr plants and soil. Thus me, a! deficiency * P*n» 

ftij Emission spectroscopy has otc 

and oil can be di^osed by emiss fon spectroscopy: 

(7) The following materials have be . 

(I, Trace and major constituents in ceramics 

((,) Traces of Co. Ni, Mo and V in Crap-n v 

(HI) Trace metal impurities in analytical regei - 

(,„) Trace of Ca.Cu.Zn in blood. 

f V ) Zinc in pancreatic tissues. 
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*-I !* - ,• . . w .'.n .■' molecule 

. . > ■ :. pfoeftortic exci;juion_of fflementaiy particles occurs fron 

- r~~ * TrVi !j ~ eci excitati on of mokcule. When excited particles return to : 

1 j ;• : " ,.5 : .?siO!l spec: - . : Xl . :c ' 


‘ V : “ J s T.I . .- *.:x> .Trfl.T^jV t»l fnu';siQn sp£Ctr0$C£tpv 
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. - : As 5 C Fr 5: Me Zn Cu. Fe. Na, K. Ca etc 


: r " f- p\ -zpp’.y Jr: ni«at(vr^ 

■ t e v ' c ■? L0t m ilia fie.; . . .t 

r, me:5 L r^.cai processes 
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ABSORPTION SPECTROSCOPY MAS) 






ir determination of trace metals m liquids The , e 
“* Lhet 60'70 elements have been analyzed by this method in cancer 

:a.75is o: one merai in the presence of an o the: n 


roe 


vi is me 


gMC*_Qujg-6_-i^, Gilc principle &/ atomic absorption spectroscopy 


Prir.rjc, f e r, ^ * ^ 

"~7- --r.olr ?s ,. e .ti-rfdy .r.e absorption of radiant energy The cv-"."/:- 

7: ' s jn the gaseous srates. Ir light of the resonant v, 

yyyy ;? f :orr ‘ s :h * r - par; of rhe Will be absorbed The extent of abi 
.k-' -j: . .. ■ c : L ve atorr ; present in me flame 


• - >4 


QuickQ^ 2 G/c« Bppllcml on oj glom l i al»o'l T iMi IB 7p e e i roK opv 
A PP «^ fo , v a . Atrimlc Absor ption Spgclrosrf.nu /<> JCl 


f mo, ‘ P°w**fat lod of analyst. The method B well-suited to •: 

■ - *■ ■ - k . r j iO . 

■. . . . . --ge:. ove* cor „&r.-jor,a: absorption or ernissLo- <t ■ - 

-3j . •- i - Js - ^utroscopii; mu mods 

^ • «-P'- «. ,s po^-v 

3fI an ^' ltcal ch «mtsii y ceramics mineralogy. biochemtsJp,- r 
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■ '4: Ch<rnmtrv 

^ — ™ C^CM ny Fn^tral Murrdi fa ff 

gtgrc^c Q3 fwffj: W JjgUs th€ba^ic prmejple ^Mdss Speciromgfer? How does It work'T 


vf ASS SPECTROMETRY fMSl 


The mas spectrometer rs an instrument which turns atoms and moteeu/es into forrs and measure xi mr mass 

* In 191 9, Aston invented the mass spectrometer, This gave chemists a reliable and accurate method o! 
comparing the relative masses of atoms, 

* At one time, the relative masses of atoms were known as atomic weights, but nowadays we refer 10 them 
as relative atoms masses 



Bd $ i c Prfnqfpfe: 

The basic idea of a mass spectrometer can be demonstrated using ihe apparatv:, m figure. Wooden 

balls of different sizes but with identical iron cores, roil down a sloping plain. A: '' oo’ft n of i; slope a 
powerful magnet attracts the iron cores and the moving balls are deflected 



Figure: A simple mode* to illustrate the working of a m. s ■ if* - 


. * the «. ^ — ; T ««. ^ r 

lighter, therefore they are deflected >*'« 1 ™» . ^ li5lr , ht> S i mp * :s ,1 is possible 

SEES 


I t*/i***^ * * * J '" l,J, * fii/ 

fl> «% *« «h« "Wf**"* f"-“ ilwy are all atlrat ted m|uo»y ,hf 1 

Since the balls havefidentol eon cm . 







■ • J : ■ : ; : . i - : : 
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r igure: A diagram of a mass spectrometer 


jjMjmn wnteticm and Working 

i can be explained as follov^T" 


1 - Vaporixottart 

• Gases, liquids and volatile solids ant injected min ,h ■ 

• U* volatile solids must be preheated to ^ ’ ** befc “ ,hc ion ization' c barn I. 

2 - Ionization 

• ioneaBon One or occasi,^ £ *£». 

ul of the atoms leaving pc 


EvtlrtipjV 



U: Chrmrtfry 



r t/tbgt Citrtnistr. : Fedr/at Board; Pa ft If 

«" + X 

-* X f 

+ e~ 

+ e 

high-energy atom 
electron 

positive 

fort 

electron 

knocked 

high-energy 

electron 



out ofX 

retreating 

or occasionally 




e" + X 

y2+ 

X + 

V. . 

e + e~ 

+ e 


2 electrons 
knocked 
out of X 

3 - Acceleraifon 

• These positive ions such X* and X 2t now pass through holes in parallel phoes. 

* An electric field is applied to accelerates the ions into the instrument towards the irmgne.ic l-^u. 

4 - D^jfTectforc . . 

• As the ions pass through the magnetic field, they are deflected according io their mass and their charge 

* The particles can only pass through the instrument if they are positively charge. ; . 


5 ^lfthl^cCOlerating electric field and the deflecting magnetic field are constant, ions of only one particular 
mass;' charge ratio will hit the ion detector at the end of the apparatus 
J loos of smaller mass-charge ratio will be deflected too much 
ions of greater m ass/charge ratio will be de fleeted too lrttlti. 

Tho irtfi Hpteti-or is u-susith/ linked through an simplifici to d i ecor-..* \ . , , 

: field is L*,, «! ** of «« « ill * cetected end m« 

spectrum is traced out by the recorder as shown in tne figure 
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Figure- A mass 
* The relative heights of the peaks .n i.n m.i. 5 


spectrometer trace for naturally occurring magi’cvmi 

sewm give » measure of the NtaMt .«»? " Is d « l,e da " 


ions present. known substance first obtained on 

reference peak usr ? f, tainedljy comparison «rhth 15 


* In practice a 
masses of oti 


of other particles can then be 


tiie iTrr? • . , "!■ .kv mint 
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QUICK QUIZ-8 


dWfy £][ /fLfUTP 24 J .*5 

fl) Hott' morry different tons ore detected It t the tints 5 specirtini \if naturally wtc-urrirti} marplot !■.;., > 
!, there ars three peaks in the maw grpe^ imm^-IhereforeJ. ihrup different ions are Selected 


m What am the relative nras.;^ of these different Ions? 

The position of peaks shows that the relative masses arc 24 , 25 and 26 . 


( 3 ) Wiinf or* the ireletive proportions of these different- Sons? 

The ions with relative mass' 24 is most abundant. The tons .-.:.' relative mass* l 
comparatively less abundance. Ho'wevek both these have almost eo'-al aour.d. : .'.r e 


SOCIETY, TECHNOLOGY AND SCIENCE 


ORENSIC CHEMISTS 


Forensic chemistry is the application of chemistry to criminal investigation. 

* [t deals wlth criminal investigation, in the laboratory analysis of forensic evidence 

. [| also develops the analytical skills tequired for other antes of civil law *acr er-s ■ n or • 

accident investigation and product liability, 

' *?' a™ f sentiaJ to evayday life, required to determine the to = 

control the quality of many products, to protect the environment and to monitor W" 

“ “ “* - *“■ 

• xxssF^&ssssf »*•- - *— - «— 

’ "* *** make measurements, an , - , 

t pies and practice ot modem instrumentation, and a problem -solving approach 


Abilities of a Forensic Chemist 


rrrr:;^ r ^ ^ . 

courtroom, ' l^orafQry analysis in lvvn? a;..: 

\r\v forensic chemist must have a strong theoretical -,nd 
well as in problem solving skills, ' y ri mental background in r . . , 

Forensic chemists must have good attention j „ ., 

They need critical ihink|n 3 abilities to solve crim eZvlt ' Jroble,1V5ol ''''na sk lit. 

l otersic chemists must lake accurate , totes anrT l d fra S meniar y evidence 
^^skilfsto produce dear reports on ht 9 ,„ y 


Chemical instruments are used extendi, , “ L , 

of the major users. 5 ^ 


Use of chemical instruments fot disease Hi 
1 nemical equipment market is growing "T" " tisc 

Besides, the increase S "* ch ™*«r ind, 


continuous require me 


Besides, (he increase m numhor „r i . ± , JJ|ULJ smcs, 
technology Novations wit(l huma worldwide, advances in life 


,ujman ^ c ;:-™r: !c , ***** ^ * h ^. 0 „ , 

capacity. Alhhese fact C " 1IGh ' cn<J search projects reoui» trt| f: r ' at?:rice pnoteoiracs hj ■: ■ 

The global life dr ' V ' ns the life Stance imtmr ^ en ^ with high thi m 

Chemicat market 

F d f ° STOW * a CAGR of 8,4% from 2011 to bc 530 2 bii!;ns ’' l!1 

Co Mrtto Wh S45.2 billion 
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ftjrartirto grgpfty 

||jfth€ cdtecfiue term /or a set o/ laboratory techniques /or Che separation of mixtures an d for the defection of 
■ xa ;\ (mounts of materials present in those mixtures 

’ principle 

, The miNtun? is dissolved in a fluid called Jhe rriobite phase, which carries it through a structure holding 
another material called the stationary phase. 

, The various constituents of the mixture travel at different speeds, causing Ihem to separate. 

, The separation is based on differential partitioning between the mobile and slationary phases. S!:yi : 
differences m a compound's partition coefficient result in differential retention on Ihe stationary phase and 
thus changing tire separation . 


’ fo#S Spectrometry 


* it is an analytical technique that measures the mass -to- charge ratio of charged particles 
■ St is used 

^ for determining masses of particles, 

^ for determining the elemental composition of a sample o: molecule, and 

^ for determining the chemical structures of molecules, such as peptides and other eherr ical r compounds 
i It works by ionizing chemical compounds to generate charged molecules or molecule fragments arc 1 
measuring their mass-to-charge ratios. 

I ft is a method that combines the /enfures of gas -fig u id chromatography and mass spetfrapnerry so \aent\fy 
Afferent substances, even present in small amounts, id i thin a test sample. 


Gas chromotogtraphy-mass spectrometry [GC-M'Sf 


AppfJca flans 

t 


[POP# 

These include drug detection, fire investigation, environmental analysis, explosives investigation, and 
identification of unknown samples. 

GC-MS can also be used in airport security to detect substances in luggage Or on human beings 

It can identify trace elements in materials shat were previously thought to have disintegrat'd beyond 

identification. 

GC*MS has been widely heralded as a "gold standard" for forensic substance identification became it ••• 
used to perform a specr/ic test. A specific test positively identifies the actual presence of a parte 
substance in a given sample. 


Liquid rhmmatnaraith u -mgss spectrometry f L C-MS or oltemaiiuely HPL CjMSj 

5 is a chemistry technique that combines die phyacol separation copaMMcs at liquid ehromaloyaphy orn. ix 
a'ith the mass -analysis capabilities of mass spectrometry 
It has very high sensitivity and selectivity. 

^T^GeneraUy ils application is oriented towards Ihe general dewdkm and poiemW idenidicatlon « 
^^,1 . in the presence of other chemicals (in a complex mish.rol 
. Preparative LC-MS system can be used lor but and mass devoted 'Cobor. of . 

exacts and new molecular entities important to food, pharr uliral, agrochemical an 

industries. 


^mltadonfl j ur Lne analysis drug screening is ih.i: m ui\rt< foil* to ^unqui? 

Ip^fe metabolites, in particular w» byd.oc.xtone and t.s 
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** l,,otecuhs be promH,ed **4 

SS Z^ V ' 1 V VlS " m, '" ns :kl ' »• compound does „«»,« 


- - . - - - -i i ■ .... | , s 

!V*ome ;,V 1 V Vl> 11 m, ' ,uv ' " , ' 11 lhe compound contains a carbonyl <mip 

TOnjUa8led «*«* W* and L* 

* * , ’ 1 ""‘ enc fek * “uses nuclei within molecules -o iv 
" W NMK ' ,V, ,n "” w '™ ds number of different types ofpmKrs ' 


VII.- tvvsmon (*«« am of e^e, giws infatm^n about the Return! environment of 

i be 'r'lafns siu\i> (l»U'n\^i,ition] unJcs the t lc t n u , . ti 

hi the mukvulc I: n„. mok-cul.n furtnulc, ,s Inossn \Ti ’ "“'r •'’* " Umbm ” J each l V1* 0, P rolM 

' ts-immesl linou "'- t!l1 d « u al number of each type of protons »i s' 


1 tic splitliny pattern ol each signal gives U s ,h« tsumh ,„ 

-v poahti into which a signal o splj {lan a ‘ ' ‘J ' , U of |lr0,ons on neighboring carbons. The 
dsKvsIv sKhat:^ lit carbons. 1 ]S one rl * lore, the total number of protoi- ^ 

l nnssxm sj.vcti\iscc|>v is concerned u iffi |f v .k 

j lu ’ k oniit 1i,a ''ibons in ilv brm o\ di terete k MC ( T dial '° n produced when atoms me 
til.- lower .-neisv Mates t>L uaselengths of light, called spectral lines while return, n: ■' 

At'. -in is absoiption spectroscomi iuvo'' k rl , 

i«,ft.il atoms in the gaseous stales "it wT^ ? abw n»» of radiant enetw usualht vis«* ' 
sontanung the atoms, then part of ,| v .,1'° ' f“~nce wavelength passes through a I ' : 

,Ke «** ° f — dlb; 

*p£ SSttSSK ss- “ ^ 

SI structures of ^ 

ot't!i,ui’t,y ^ o| vcr,larwer 3 hTlTm(' L ^” leCU 't ion 15 Produced. The m/e value s : 

‘ ' fVl ' tmsc °l i y extr^muiy £>Ccurate p ° und bein 3 investigated. The molecular 
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ttbleb »/ Uw/otlWng techniques does not Intofc-^ elm™ magnetic radial inns? 

ia i infrared spectroscopy i.bj NMH spectroscopy . 

, Mass spectroscopy (dt All of these involve eledromagneuc radiations 

pinch region of the tUd rOirmgnclic spectrum is int uit ed In the flrcironic CAcJfailons? 

a'i ttoylokrt (b) Visible 

Kith of these (d) None of shew 

Which of th* following techniques is different front the others (is regard* the basic principle? 

[al Ultraviolet spectroscopy lb} Visible spectroscopy 
(c) Electronic spectroscopy Id [Hone of these ’ 

Which a/ jhc/ol/oiE'frt3 l* used as a source of t, iiiWe radiations? 

Tungsten filament lamp (b) Hydrogen discharge lamp 
(c) DeuienlTnivdlscbarge lamp (d All of these 

Whai fs the wavelength range of the ordinary infrared region? 

fa) 0 . 8-25 pm r tHTZS - 1 6 um 
(c) 16-1000 [im "td] 400-300 nm 

; The pQsi-UotT of an infrared absorption hand ropnmonfv e \p reused by: 

[a] Wavelength t^). Wave number 
(c) Both of these (d) None of these 

{ Hi Which of the ftil/ouing Js> not Used a anurceof infrared rodlatiorlt? 

fa} Nemst filament tSCuoasten filament 
{cj G lobar (A) None of these 

ii|} WhJrh r^lon of the plrrlrit/na^rifjlf ipednini Is Inrohcd In mass spcclrOrurt^-? 

(hi Visible (b) Microwave 
(c) Radio wave (d£ None of these - 

MflSJ spcftrojcopy Is an analytical technique itihJch liinoli^s: 

l,a|' Pr oduction of ga seous ions fonn J he samp le r ^_ 

(b) Separation of the gaseous -tons, 

(el Measurement of the relative a bund a nce of the gaseous ior.s 

ffiflfaf Tftere ^, 

Anil spccCrpni <? fry can bt r wsed to dc term in t- 

(a) Molecular weight (tv Molecular formula . 

to) Molecular structure N. (d) All of these 

H Which of the following specie* U detected In the mass spectrometer. 

\ [ a] Positively c harg ed species 'tb’ 1 Radicals 

icTNeutral molecules (d) All of these mectrameter? 

Which c/thcJcUa^ng *??>** »- <" '»"<“»<■" * h °" :b " ° { “ ^ 

j&J^SHTvdy charges specie s - (b : Rad i c a Is 

' (c) Neutral molecules ^ ,ji ° l . Plained from a mass spectrum? 

Which hind of information about a positively charged species vhiawt.a from 

Is ) Molecular weigh t (b ) Relative < - ■ ■■■■■■ 

. jo^erra K> {<*) of the* __ ^ 

r^fefltiaSd oJ sample enn be studied in « spectra ■ 

a) A gas (b) A liquid 



i ttws' 


(c) A solid (dJr All ol these- 

r 1 N«r ultraviolet region of these electro magneOc sp* 

(a) 10-200 ntn < (b) 200-400 nir- ' ^ 

400-750 nm W 300-500 nm 

I Fcruhrcclolet or uhruololet ro 3 loo gm^clly He, l*,«u, 


ncirtjrji generally lies betweem 
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.r- ‘1 ■ % . ■- 

- - * 


v,' V- r' • V^^aSI 


* ' ’-s- • • •• - - * * . •" \ * • X ' 

ii3cti irl\/^ ■' •*> j 

UKStHuMv ;•; 

Ma » to ^ ia ^ SSEB 

— «yil£r* ^ 





- i*-. ",'■*. i.* 

>- _K •- . \ r.m 


-r7" 


b 200-400 nm 
id 300’St)G nm 


>t-40C-”5O 

x*ii Far infrared region of the eieetromtwctic radiation gcncrulh fit’^ between 
2 50-20 0 urn _ ' b; 10U-400 -ini 




ANSWERS TO MUIIPLE CHOICE QUESTIONS 


HiLLiuuu 


ft» A wti <e) Both of the»e 


a t»i 


ti i r v . -Z- . . L-- - -c ■.- 


Both 


(ill) Ansi id) Non# of these 




.. itcnniques are teased upon trie eieo^jo 


exc: 


! ur 


H Am: (b) 2.5-16 



; i: .» ihe ordinary infrared r«g or 


I !: .; :.r. X- s 


U i 




s(en Hi a merit 


(vtii) Am: fd) Now of thew 


It ^ _;sed for visible light 


(ix| Ans: (d) All of those 


A:, v.era r.re ir.vo Mr-..^ r-pecronieiry 


|xl} Ans: (a} Positively ch 


j i 

S'-r.ce !o-o with po=- : jf charge arc separated on the has:?, of 
!he:.r m e r'l'^e 


(xiii) Ans: (c) Both of these 


Beih urc obr«Ln#d from Mass Spectre meiry 


{xv\ Ans: tb) 200*400 nm 


EE33EEES 


imiiwaHi ■Mui.'i .iii » ag a 

Positively charges specie? -are 
of electrons 


‘■“^rVy 


(*M Am; Id) All 


A.] car: 
vapor L 




this region is near me '-'.Bible region. So it :s called near L, 

ffc^iOn. 

amsESESi 


(*vi) Ai»: la) 10-200 


■This- region :? 


. :■ . -1. , . . 


tv • 


££ 


on 


Jl f u r infrared 


Q2z Gfue brief answers for the following questions. 


I" ^ spe Ctrtl xenpy ? Underline Hs principle, 

S r* F rr ■ ■' nn n ■ i ■ r- i r +i 1 , .. ■ _ I ! 


Spectroscopy; Spectroscopy involved using ^ jnstamgzstsdo exam in'? tc -- ;v . — 

chemicals giving inf onnation_ about »hei nnoieeular stnj c tu ze. 

Prf.«fpfe:W^ as light or infrared: shines on a ere- 




ES 


interMt With the radiation in some w 5 r The way a particular chemical TKiSraoi -.CSS X;' '■ ■ 
its molecules ahosTtucf’jre 


iii 1 } Wfia( fs m^unt bj; (ind/re^HL-ncji? 

WmiL-fguoi h 


/i l> ./.a 4l.to„c, be.,a* 8n Iu» adj □«„. cre.rj 0 , Iroughs Q be; „ n ofradtM , on 

It IS denote by 

Its units are pcometer. nanometer or angstrom etc. 

1 A = 1 nm= 1 pm^lO- ,z m 

h^r^T 0 " 25 ' wh,ch p “ m “ - <*» — -» - ««, 

denoted by y. Its umts are cycles s -' or s -> or Hmz m 
1 nz - 1 cycles s -1 
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S z* 4r?,i^JC jH Cti*m is try ' TTI 

^at is spec fro me ref? Briefly discuss ns working. 

Spectrometer: The instrument used to measure the amount of radtatiom, _ 

substanc e is called spectrometer. ~ * — ■ uy a 

Working: In a spectrometer, me C tggtJ^omflrietic rad iations are passed throat? aXan^ 

radiations absorbed by 3 sample are itorded jrnhe form of I graph* This graph is palled spectrum fE 
spectrum can be used to find information a bouTstTb c llfi e of-trstjJjstance 


tfaw Wilt you distinguish between 
' fjj f,3 -Pentadfene and 1.4 - Rente diene - 

1 . 3 - Pentad 1 ene is 4 Conj ugated systo- .(CH Ch -CH=CH-CH ; ,i wodo M-pentadjens •, v/ r . 
coriugated system i£fl7=CH-CKj-Ch CHzJ Therefore. 1 1 .3-p enla dint: witl absorb at • ghir 
wavelength and£h a veTitgFer A r .,-> thaflhat of 1 4-pemactiene.' 


(ii't Benzene and anth racene £y UV - spec trosc o py ? 

Anthracene molecule has Uhree benzene; rinns i 1 So it hasj more c oniuaalion than benzene .There fers 
anthracene (will absorb at higher wavelength arc; have higher k . . that :hai of is-vtre' 


(iirf; Two isomeric dienes ( X) and ( Y J. having the molecular formula C :.H absorb at .v . 223nm 
and An.i. 178nm respectively. Write the strut Hire* of the two isomers, 
i these are Tjpir uadien e and 1,4 Pente diene I 

Y^Pffiradl^hi - Ts a "conjugated system (CH=CH-CH=CH-CHj) while 1 > pentad 1 ere is no: a 
conjugated system (CHj=CH-CH-CH=CH a ). Therefore 1 3 pen tad me v.-iH absorb at higher vwate ;v 

(Jw.=223nm) that that of 4 .4 - pentad iene (A ■ . ■ J 78r»m 


I f v) Give sj' 3 ju'h'c ant applies tion of A tom rc A bs 0 rp tio n Spec troscopy (A A $J ■ 

ffj This method is well -suited 10 the analysis o[a__subs tgnr:e at low conc entration 


mixture ;■ pass Pie 


(2) This method is highly specif <] hence analysis of a metgl from a :c rT-=; ■ 

(3) The technique is firmly established in analytical chemistry ceramics biocn &*>*:, 

metallurgy water supplies and soil ana lysis. 

AWe-^ ST 

(v) How will you distinguish between 2 -Pantenone and 3 Sentence by using mass spectra - 


2- Pentanone: Its major peak (base peak) m mass spectrum s fc -^ 

3- Pentannne: Its major peak (base peak) n mass spcuiui ■- <t'm t 


Q3: Give detailed answers for the following questions 


What is combustion analysis? Describe its different tos. 

Page 496 

, e f was subjected to cornttu* r^n 

An organic compound consists of carbon, nydr^gen a... ^ pewmine the emv.ttca 

ft the. compound gave 1 .0390 oL SO ■ 2 .. 


analys is of the t&mpo 

form utacf the comp otind*. 
Solution: 

Mass of organic compound 
Mass of CCA 
Mass of HsO 


Thus Percentage of C 


Percentage oi a* 
Perce nl age of 


W 




Thus (he e??Ti r.: • r . . ' r r r >j ■ 


!llt\ Thi' com but flon urm/t*]* S th K it urgsjHJc £ wujtfj urtdi contain 65.it corhon. 5.50" hydnigeh i ■ 

29.t)b ,, iif OTysrrip U/nK ii lun^MCdl ff the molecular mats- of thi*, ci.KiipoMfiii in jjfljv. 

muJt’ 1 ffarrc calculate molecular formula of tjhcr organic compound, .-bis. C.H.O. C II 0 ■) 

Solution: 


ElZMfJtfJ 

% 

JVo. of yawi 
■riant* 

Atomic 

ttauo 

ffflptfffof 

Formula 

c 

l— - , 

65 44 

65 44 . 

12 

5 4 > .., 

* hZ 


H 

■ “■ 1 

5 50 

■ i — 1 

A 50 = 5 4 o 
1.008 

5 45 
1 82 3 

CjHjO 

1 0 

29 . 06 . 


T 82 

1.32 * 



Thus thu empirical formula 1$ CjH,U 

To dciemune the molecular formula, (in! calculate the empirical formula mass 

tmpnical formula mass of Cl H,0 -12.-3-2 008s 3 + 16,lt SS 05 „ , r ; 

Molecular (or molar) mass of the compound \= llO.ISgmol- 1 •— 


- t 


n 


Thus 


rc^ olccubr fna sfi of compound 1 10 1 

empirical formula mis of ci-.tiid * '5J05 
Molecular formula = „ ( eir . P ir,c a | formula . 

' 2 1 CjHjOj r~~ 

= P.H,OJ 



(Id/ 


"'"fl* Is me am fat Ifjc. s-rm t _ g 
tprJUJnj patu-m of protons In mwso^t ° P° rllcut <*r pro 

Page 505 s P ect ™** of ethyl alcohol 







™ principle ami Instrumentation of Atomic Em 
Principle of Atomic A bs „rp tlon Spectroscope? 
Principle of Mo*, Spectrometer? 


Work ? 
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TEST YOUR SKILLS 





Maxksr 85 


»r.V 


Marks: 17 


and anah,^ 

HPLC-MS 


QBJECT1VF 

Time; £0 Minnies 

jfate Over anting, cutiing. erasing, user. 3 ead py-.c ! ■■ ■ r^u!' n loss -.f f - >ir ^ t 

Ql. Circle the correct option i e. A.B.C D. Each pari carries one mark 
v A . is an instrument which alow? rad .aim ip inier:.: w.'h v. im - tf ... ^ 

I A combust icn chamber fE spec trove one C Mass spaci rum 

Pi) I niraied radinhon rruioi the bends of iTio ecu e 10 

\A) exale f E relate JQ X'ibrato [> "U.-.-r. 

(iu) radiatton excite? I he ele ..i r „ r sTtctt, tbw sr energy :, . e | i a ' r t? j- ^ . 

(Ar ultrav-iokl _ _ JB] Vbssble (C) M*crOM.«vet (D) boih a $ h 

Isvf jsr TT~HiffiaKtt$ ndio waves >y>. 

[Al-JVu clear maanglk rreoganee B l?,.'- :• ■ .... , 

[Cl Mass Spectrometry D both.* kb 

• y] IRabMjqz1.cn ;1 used 10 tdertlcfy bonds aiyi r.-^— -^ar organic compound 

[A) no of carbon atoms c- fffl functional groups. Q tifZL Tir - r |- | | l ffi : 

(vi) Which of following technique* does not in .r:\ ! 3“eieEtr m ■. 

(A) NMR SpechtiiCopy B Inhered 

Ip-Haw Soer|ro»cq-py D ■'■. I rh, 

(uii) WhicSicfThe fostawing is used as source :f \ - ; .,. radia: r 

[A | Tunas! en filament Umn & <\ y.. ::r, : in ;• 

i,C| Hydrogen discharge lamp D rone 

{vui)ln IR spectrum of pmparrvone, iliong peak is <u afc :S, I 7£l> : m w-^-h 

!Ai C-Cbond (B) C Hbond Q; C = 0bp r4 D bothaS-c 

tin) 3n JR spectrum of propanone which absorption ?-i '. :■.> C - H b .nc 


: ■:.?i n:^s 




(A) 1600 cm' 1 


! B ! £500 co i 


>Cl 300U Cm ' 11 I - :: ! 


•|xj Us.efu|^4ndHr7£ras[iqg region of IR spectrum ;s fhc r^Eor-: above 

r^iAl 1500 cay 1 . _ iB; £000 cm- : >;C 3000 cm' 1 D 3400 cm 

[Xj>-A' tol gntJft i4 h rehium. 'Ill chloride appears Vic Ot. I absorbs which :cc. X-, of spednim 3 
W green ^ [E] V.dfow JCt jarem.^-allaw " iRl Red 


green |B] yelfow 

txiil’ In iris-w speciiprnetry, 

(A) Sm?' kT_ 

IsijijThe pgsrttSn of ullraviqiie'; - 


t h* 


ppsitfdr. 

WJHil 


band is commonly expressed by 


bclh 


I) N re 


Jjc 1c mcztilLz natum 
D :sL -j !' i hese 


I Pi E lt t r <iji 1 s j r l~i ■■ h i l .1 n s; 


I insw. 


_Waye; lenojji ' 'B \0ave Msjonbei 
i.MvfWhy do transiCian mortil coqipcurjis. .colour 

,• -dAi'Jua to incomplete d- Qthltal\ 

v I Cl bemuse oTexCiTFiiorrohiroietrid.:' 

.ifuj HQmulecuie absorbs IR cddialioo of fre^uoncy 

(A1 7 z\ r. 1QU Hj (B: , 6 2 ■ 1Q :| Hz 

\ ^ ' i* chosen as NMR reScre nee 

tA) elhyl benzene (B) ethancJ 

IJC'/ti.l Which of Ihc folSowipg species i* detected in. nu^ss speclro::ierer 

(A) Radicals i FS Poail ive I y f . h arq ed -s pe c i e s 

(C) Neulrol molecules i dj All ol these 

(l> fiUBJECTtVF. 

()t|l Time; 2;3S Huura Tpta! M jrks Sex lima B aisd C.: fiS 

__ (iii) Section -B 'Minks 42; .11 x 3 =_ <\2j. 

QjI. Attempt any FOURTEEN parts. The an aw ex to each pirt should not exceed - r > it> 6 
h| [a I DifferenliaJe behveen Qualjlaiiye fit Quant alive analysis. .- 

tb) &efioe Aitnl^icaf chemisiryi. 

fa] Define Spectroscopy. I 

Descrilw different typ&$ of Spttler scopv “ 

itiij Describe cbaractertSCic significance ot IR Spectroscopy 

uv| How does ]R speclroscopy exam plain type of borsds & functional g-.-.r- it 'u-. u| : ‘- 
W (a) Why trfti^Hion metal compounds are coloured:. 

lb! Wtial happens when rad islion spokes a subsldoce"’- 1 ' ^ 

f>6sonl>« why methylene blue is bhee in colour 31 3 

Agueou* wEuliOn of TitOnium (III) chfonde * violet m ooior Fxplair. Ihe phenomcn i 
^ What is significance of NMR Specho scopy’ 

> ix) la) Whai s N MR Refen^na? 1 > 

fbi Why f (rutting of peal? occur fo NMR spectrum. - . 

!k J jaj How emissjon spectixtscopy is applied in metallurgy 1 - 

(b) t fcju fobr scant oil can be analyzed by emission sp^rtroscopy ( l 5 

Kl l I a) IJescnbe Ihe bztsic principle of Aiomic Absorplnon Spectroscopy 2 


ehmd ln:». ;3! 




‘I * . 


• ' -1 - f '• - Vi ' ^ ■ '-. V ; Sw'r ' ] ' '* " ' ’■ ■- - . ' ,- , 

i'H* ' •-- >;* * 0.4 v r-. ii.:-. V ' J ’ A : -■ • f ■ •/ -■- 


VVJ!'. vjl 


■ * 


Tile Ullin Idle WrjiliJ Fi_t Biuderib 


1 H B *■/ imlytii'uf ( ht’muffv 




f atlw f hi- ms \!n / , / 


' ' 1 - I ' 1 ' - bicb type of elements and samples a re analysed by AAS. 

• M! ' !<1 ; ^ atr:ie n,, 'm steps involved :n mass Spectrometer 
■i - 1 How sample is ionized in mass Spectrometer 
Mil Row ion detector works in mass Spectrometer 
■xte Describe basic principle of chromatography. 

(kv} (a! What is LC-MS? 

•. h ■ Describe appl ieal io ns of GCMS 
•* v: > ^'ii’ you distinguish between. 

1-3 1 ^ Danone and b.1 Renta none by using mass spectra. 

(svii} Differentiate between atomic absorption Spectroscopy and atomic commission Spectroscopy { 3 1 
■ xvm] a ) Wh ar is wavelength of f R & UV. < 2 

ib, Which colour of visible light dear methylene blue absorb? \ 1 1 

1 a 1 What is draw-bach of combustion analysis? 

;bi ^ame modem methods of analysis 

Section - C 


( ] ) 

■ i 5) 
II b.( 
(3) 
13) 
£ 1,1 
( 2 .- 
13) 

(3) 


f 2 j 


Note: 

1 - fa} 
(b) 


2 


tc) 

(a) 

(b) 
k) 

3 . (a) 

fb) 

fcf 

4 (a) 

(b> 

k) 


Atfempt any TWO questions, All question* carry equal marks (2 *13 = 26) 

Muw molecular formula of organic compound is determined by- combustion analysis? 

"** °- 5438 - l 

Row different types of radiation interact with chemicals 

^"ir^iisssEsr 

y-xpi:im advantages & Disadvantages of AES 

^rxz:^ s of M - s s ~- 

™ bc i** 1 - * -b,n,o togelhe , 

***»<« *™*v USI " 3 *” mple - 

D,!CUB <* A>™ic e ™ £si o„ spetlracop ^ S " 


14 ) 

14) 

(3.1 

(4) 

(4) 

£5] 

4' 

.4 

(5J 

(4.: 

•;4) 


■‘f- 
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